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INTRODUCTION 

Several papers have been written regarding form and size 
discrimination in animals. Kinnaman (1902) found that the 
Macaciis rhesus monkeys readily distinguished a food vessel 
of a given shape from other shapes ; with given shapes, a larger 
size was preferred. But they failed to discriminate between 
designs drawn on cards. Watson (1914) found also that two 
M. rhesus monkeys discriminated a circle from a square of 
equal area, and a hexagon from a triangle. An inversion of the 

* This paper in an abbreviated form was read at the seventh annual 
meeting of the Western Psychological Association held in Los Angeles, in 
July, 1927. A fuller text in Japanese was presented at the first biennial 
meeting of the Japanese Psychological Association held in Tokyo in April, 
1927, and was published in the Japanese Journal of Psychology, II, No. 5 
(1927), 815-828. The present paper is an enlargement of the Japanese 
text. The writer wishes to express his indebtedness for valuable criticism 
and suggestions to Professor Warner Brown and Professor E. C. Tolman. 
Professor Tolman was also kind enough to read the manuscript. 
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trianjrlt‘ did not tlistiirb tJio habit. Yi’flo's 1 1!HI7 ^ t‘oru‘luib*tI 
that tilt* dantdn^ mtnisi* was apparently tli*vt»id t»f f(»nii juTt*t*p 
tion, Wau^h wttrlanK 'vith the niousi*. eenhrtnetl 

Yt‘rlvt*s' negative rontdusioii. L. d. iN»le i UMiT * atVinniMl thrti 
thi* fnijr rtmld rt‘adily establish a habit ttf avtadin^ nniain 
(ibjofts of a ^iveii shapt*. Ij. W. (‘oh* and laatij: t ItHHh elainusl 
that the ramum etnild tlistirijriiHh a firt*le iVnm a st(Uan*. lN»rf#*r 
(Ihdld bmiul that the Knj^lish sparrow tlitl not reatlily reaet 
to wotultni boxes dirtVrin?r in foriit. bnt t«»th the Hns^dish sparrtn^ 
anti tin* eowbird learrnsl t<i rea*‘t ilirtVrently !t» ditTer»»nt th'siirns 
on eards. The eowbinl sinyrletl ont a friantfle frian alt tin* other 
forms; tin* sparr«»w faihsl in this reaetmn. *rhe pi$fet»n was 
ftmntl by lN»rtt*r illMhii to bt* abb* ti» pii'h *mt n uiven burn of 
a Ih»x annnm btixes tif ditVennit b»rms. (‘asteel iptll ) botnd 
that the turth* tlid very poorly in e’oneral in pattern diseriiniiia 
tion, but two tur!b*s diseriininafod v»Ttiea! fmin hon^mital hin^s; 
ainjtln*r two dist»rinunated two sem*^ of parallel vertii»al lut*-s 
of ditrerent intervals, liiin^hain t l?»M? ehiimed that tlie ehi»'k 
was very sensitivi* to si/.e dilVerenef*^ Its fnrm di^erimination 
was also very ^ood. but aeeordiiij^^ t»» f«»rm diserituina 

tion is mdhinjjT mor** than a he»*n pereeptiMU of a/e ditbn*enee-. 
Hret*<l*s ehii’hs eontirnied Httmdiam’s positive results 

Orbf*lti i!b(l,s > usin^ Pavlov ‘s eiifnltt toned retie x inethod fottiol 
that the d<*i 4 f was sensitive to form and *a/e differsutees, Lashtev 
nitllij found that tin* wbitt* rat eotild disennunate a s*jit;tie 
from a eirele; and, in j;fi\»*n eiretes or s^piares. it was sensitive 
to an areal ditfereiiee of one fourth Katz and Ueves/, ^ iPtis * 
sueeeeiled iti establishing^ a «»ireie s*ptare halut tn the *dneK 
Keves/, < Ihlili elaimed that fh** ehiek \vas suhjeet to si/e jj|u aoJo 
The met Inal in all these e\pi*riineiits was vi and presentat lote 
Sin<*e the faets about the fuiietniu *if vision in tin* duTereiif 
animals are snrprisinvdy little knouii, no positive statement vun 
be made that in these experiments tin* animals were reaetui,* 
primarily to visual stimuli, Partieidarly in the ease of the rut 
anti the ma/.e, as has been pomttsl out by Hunter i PJl 1. them* 
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was no assurance that the windows of different forms and sizes 
terminating the alleys served as the exclusive differential stimuli. 
Hunter argued that form discrimination in rats is always pattern 
discrimination. The animals seem to be reacting, not to tri- 
angularity or circularity per se, but to a particular distribution 
of sensory cues in space, which was triangular or circular. 
Further it is generally agreed that the rat is poor in vision. 
Hence an experiment on form and size discrimination in the rat, 
where the presentation is visual, necessarily precludes any clear- 
cut result. Accepting, then, Watson’s (1907) thesis that the rat 
depends mainly upon kinaesthesis, it seemed that an experiment 
upon the discrimination of maze patterns through the method 
of kinaesthetic presentation should offer with rats a more hopeful 
outlook. The present investigation was undertaken with this 
point in mind. 

The Problem 

The present experiment tries to answer the following ques- 
tions; Is the rat able to discriminate maze patterns; or more 
specifically, is the rat able to discriminate an equilateral- 
triangular path from an irregularly pentagonal path of equal 
length? And if so, which pattern is preferred? 


APPARATUS AND METHOD 
Maze 

In order to fulfil the requirements that the two paths be of 
equal length, but of different patterns, the maze (fig. 1) was 
constructed in the form of an equilateral triangle which has 
the following geometrical properties : By joining the midpoints 
of the first and third sides (sides a and c) and again the mid- 
points of the third and second sides (sides c and & ), a pentagon, 
standing on the same base (side c) as the triangle, and composed 
of two consecutive equilateral triangles, is formed whose peri- 
meter is equal to that of the triangle. The internal angles in both 
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figures remain at 60°. The whole maze is made of galvanized 
sheet iron, 8 inches high, except the starting box and the food 
box, which are wooden. At one vertex (A) of the triangle the 
food box containing also the starting box within it is inserted. 


B 



The starting box, communicating with the maze proper and the 
food box, has the front and back doors of sheet iron set in smooth 
grooves on the side posts. By means of a string tied on the top 
of the door and passing through a screw-eye on the horizontal 
bar capping the side posts, the door can be noiselessly pulled up. 
Where the alleys end in the food box, a pair of similar doors is 
placed. The left alley (hereafter designated as path 1) circuits 
the three sides of the triangle, and hence is triangular in shape. 
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The right alley (hereafter designated as path 2) starts along 
path 1, diverges from path 1 at the midpoint of side a, runs to 
the midpoint of side c parallel to side b ; turning again it reaches 
the midpoint of side b parallel to side a. For the rest of its 
course it runs along path 1. Path 2 is pentagonal. Both paths 
are 4 inches wide. At the entrance of the maze the two paths 
have no wall between for the distance of 10 inches. Where the 
two paths begin to be walled oif one from the other, the floor of 
each has a hump in it, like the top of a Japanese bridge. The 
roofs of these humps are 11.5 inches high and 20 inches in span, 
the flooi*s coming up to the top of the maze, which is 8 inches 
high. On account of these humps or bridges the two paths look 
very much alike from the entrance. As shown in the figure, the 
first turn of path 1 is twice as far away from the entrance as the 
first turn of path 2. The floors of the bridges, inclining up as high 
as the top of the maze, completely screen off the view of these 
two turning points at the entrance. Any visual cue attached 
to these turning points that may influence the choice of the two 
paths is thus eliminated. Path 1 (including the bridge) is 
approximately 327 inches long as the rat runs. Path 2 should 
be just as long. But the passage of path 2 lies 4 inches nearer 
the center of the triangle, since each path has the width of 4 
inches, and the pentagon is inscribed in the triangle ; and, more- 
over, at each angle the inscribed path saves 8 inches in turning. 
These conditions made path 2 shorter than path 1 by 42 inches. 
To minimize this difference the first and third turns of path 2 
were shifted 4 inches toward the angle B. This lengthened 
path 2 by 16 inches (though in so doing the internal angles 
were reduced from 60° to 52°). In addition the rat completing 
a circuit through path 2 had to travel 4 inches farther to get 
at the food, since the food pan was placed farther away from 
path 2 than from path 1. By these means whatever actual 
difference there remained between these two paths came well 
within the threshold of the discrimination of maze distance 
(DL = 1/10), as proved by De Camp (1920) and confirmed 
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by Yoshioka (MS, 1928). The two paths could thus be con- 
sidered practically as of equal length. 

The task required of the rat was to make the circuit of the 
maze from the starting box back to the food box through either 
path 1 or path 2. Before the pair of bridges a %-ineh wire- 
mesh door could be installed at will. This door, hinged by wire 
rings on an iron sheet inserted between the bridges, could be 
pulled toward one side or the other in the fashion of a ship’s 
rudder; thus the one path could be left open while the other 
could be closed. The closed path, however, was always plainly 
visible through the wure mesh. 

Experimental Procedure 

The running was divided into two series: (1) the training 
series; (2) the choice series. (1) The training series involved 
forced runnings (by properly manipulating the wire-mesh door) 
through each of the two paths. It lasted for four days and on 
each day the animal was run alternately on the two paths (6 
runs per day, 3 in each path) . Hence at the end of this series 
each rat had been forced to run each path 12 times: 24 runs 
in all. (2) The choice series began the day after the training 
series had been completed. Two methods were employed : series 
A, the free-learning method^; series B, the daily-practice method. 
In series A the wire-mesh door was taken oif, and the rats were 
free to choose either path, 6 times per day for 10 days. Hence 
each rat had 60 choices in all. In series B, just before the begin- 
ning of the daily program, the wire-mesh door w^as put in and 
the rats were forced through each path once. After this short 
daily practice, the door was taken off, and the rats were allowed 
to choose, as in series A, either path freely, 6 times a day for 
10 days. 

Scoring 

Since the problem was to see which of the two paths would be 
predominantly chosen by the rats, the constant method (method 
of right and wrong cases) was employed. The scores were the 
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frequencies of the choice of each path within the total 60 choices. 
The two paths were approximately equal in length, and the 
simple pattern of the maze involved very little learning. It is 
clear that time and distance scores would have had no meaning, 
and also that, with the absence of blinds, error scores were 
impossible. 

Rats and Experimental Set-Up 

The experiment was carried out in the winter, 1926, in the 
Psychological Laboratory at the University of California. The 
maze was set in a corner of a room, where a heaw^^ black curtain 
excluded the general light. Just above the bridges a 110-kw. 
lamp was suspended high in the ceiling of the room. This was 
to insure as much and as equal illumination as possible through- 
out the two paths, and particularly at the choice point. The 
room was relatively free from external noise. The rats were 
Wistar descendants reared in the laboratory, and at the begin- 
ning of the experiment were two to three months old. Thirty 
rats constituted one group, and the sexes were distributed as 
follows: group I for experiment I, 20 and 10 5, 30 in all; 
group II for experiment II, 22 and 8 J? 30 in all. 


EXPERBVIENTS AND RESULTS 
Experiment I, Series A (Free-learning Method) 

After the training series, 6 trials per day for 4 days, had 
been completed, group I, composed of 30 rats, w^as given the 
choice of two paths by the free-lewrning method, 6 times per day 
for 10 days. It was of course unknown a priori which path, 
triangular or pentagonal, would be preferred by the rats. It 
was also uncertain whether any preference would be shown. If 
no preference were shown, the mean frequency of the choice of 
one of the two paths, that is, the choice by chance, in 60 choices 
would be 30 zb 3.87 (crp= ^/npq). But actually the mean fre- 
quency of the choice of the pentagonal, path by 30 rats in 60 
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choices was found to be 37.70 zh 1.43 (table 1). The difference 
between the probable and actual scores was 7.70, which was 
1.9 times the sigma of the difference (o-di/'f = + o’li^) ; 

hence the difference is significant. The reliability coefficient 
obtained by correlating the odd days with the even days was 
.497, but the same obtained by correlating the first half of the 
days with the second half of the days was as low as .225 (table 
2). Within each half, however, the reliability coefficients were 
.913 and .801, respectively, by the odd-vs.-even method. These 
coefficients show that the performance in the first 5 days was 
a little different from that in the last 5 days. The intercorrela- 
tions (table 3) show the same thing: those along the diagonals 
are fairly high ; the second diagonals are the next best ; but as 
the days are chosen further apart, the coefficients become low and 
even negative in some cases. The daily means, vrhen plotted, 
showed an ascending learning curve fiattening out toward the 
end. 

All these evidences indicate that in the last half of the series 
the behavior of the rats in the maze became more stabilized and 
relatively constant from day to day. But is this an evidence 
of discrimination? Frequency and recency factors might be very 
potent in habit fixation of this type. One path might be selected 
as a result of discrimination between the two paths; it might 
also, however, be chosen independently of discrimination, simply 
because it happened at the beginning to be more frequently 
and more recently traversed. The preference shown for the 
pentagonal path may thus have been due to the operation of 
frequency and recency factors, and not to the power of dis- 
crimination. In order to confirm or dispel such a doubt series 
B was carried out. 

Experiment I, Series B (Daily-practice Method) 

Group I, composed of 30 rats which had completed series A, 
was given another choice series, 6 trials per day for 10 days, by 
the daily-practice method. Just before the beginning of the 
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daily program the rats were forced through each path in 
alternate order on successive days by inserting the wire-mesh 
door. After this short daily exercise, the choice was given, 
exactly as in series A. The daily practice aimed at reminding 
the rats of the cues in each path, thus intensifying the factors 
needed for discrimination. Also these two forced runnings 
would tend to counteract the influence of frequency and recency 
on choice. The result showed that the mean frequency of the 
choice of the pentagonal path by 30 rats in the total choice of 
60 for each rat was 39.13 zt 1.84, 9.13 above the choice by chance, 
or 2.1 times the sigma of the difference (table 1). That is, the 
significance of the difference increased. Also the reliability 
coefficient rose to .700 by the half-vs.-half method, and to .875 
by the odd-vs.-even method. Within each half, the coefficients 
by the odd-vs.-even method were .789 and .842 respectively 
(table 2). Comparing with series A, it is seen that these 
reliability coefficients are much the higher. Again the inter- 
correlations (table 3) are all high, and this further bears out 
the evidence given by the high reliability. We can conclude 
then that the animals were really discriminating and also that 
the daily-practice method is a superior one for allowing such 
discriminative propensities to appear. 

Comparing series A with series the correlation between 
these two series was found to be .796 (table 4) . The correlation 
between the two first halves was .296, but between the two last 
halves was .762. The last half of series A approached closer 
to series B. Perhaps this was to be expected, since series B 
might be considered nothing but the continuation of series A. 
The scores in series B may very well have been mainly due to 
discrimination, but the better discrimination here may have been 
due to the practice effect carried over from series A. To exam- 
ine this possibility experiment II was carried out, where series 
A and B were given in a reversed sequence, that is, series B first, 
followed by series A, 
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Experiment II, Series B (Daily-practice Method) 

A new group of 30 rats (group II) was given the same pre- 
liminary training series as in experiment I, and then a choice 
series of the daily-practice variety. The result showed that the 
mean frequency of the choice of the pentagonal path by 30 rats 
in the total choices of 60 for each rat was 41.03 zh 2.07 (table 1 ) , 
11.03 above the choice by chance, or 2.5 times the sigma of the 
diiference. The difference between the obtained scores and the 
most probable scores to be obtained by chance was increased in 
significance, proving the efficacy of the daily-practice method in 
a discrimination problem of this type. The reliability coefficient 
by the half-vs.half method was .788; by the odd-vs.-even method, 
.948 (table 2). Within each half, the coefficients by the odd- 
vs.-even method were .891 and .886 respectively. The inter- 
correlations (table 3) were very much higher throughout than 
in experiment I, series A (given in the same sequence). To 
see what influence series B has on series A, series A was given 
immediately after series B. 


Experiment II, Series A (Free-learning Method) 

Here the rats after having completed series B were given the 
choice by the free-learning method. The mean frequency of the 
choice of the pentagonal path by 30 rats in the total choices of 
60 for each rat was found in this series A to be 36.87 ±: 2.11, 
6.87 above the choice by chance, or 1.6 times the sigma of the 
difference (table 1). The significance of the difference between 
this and a 50-50 choice was much less than in the choices for 
series B, The reliability coefficient by the half-vs.-half method 
was .866 ; by the odd-vs.-even method, .957. Within each half, 
the coefficients were .906 and .948 respectively by the odd-vs.- 
even method (table 2). The intercorrelations (table 3) were 
consistently high. The stability of performance was very much 
in evidence, but the degree of discrimination decreased materially 
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as compared with series B. Hence it seems that the stable per- 
formance here witnessed may well have been due in part to 
frequency and recency factors rather than to discrimination. 

Comparing series A and B in experiment II, the correlation 
between these two series was .977, much higher than the similar 
correlation found in experiment I (table 4). The correlation 
between the first halves was .772, but between the last halves it 
was .679. It seems that, toward the end of series A, the practice 
effect of series B, helpful for discrimination, tended to be for- 
gotten, and the animals tended to fall into mere position habits. 

The consideration of the sampling error of the two groups 
of the animals used in experiments I and II is found in the 
appendix. 


CONCLUSIONS 

1. The rat is able to discriminate the two maze patterns. 

2. The rat prefers the pentagon to the equilateral triangle 
of equal length.^ 

3. The daily-practice method is far superior to the free- 
learning method for causing ' the discriminative preferences 
(rather than mere position habits) to appear. 

1 A further study in which pairs of still other maze patterns are offered 
for choice is under way in the same laboratory. In this study the possibility 
of a choice by mere position habits is further considered, and the factors 
involved in such habits are well controlled. 
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APPENDIX 
Sampling Error 

In these two experiments two groups consisting of 30 rats 
each were found to discriminate two maze patterns, and the 
evidence of discriminability of maze patterns and of the prefer- 
ence of one pattern to the other was based upon the significant 
differences of the group means as compared with choices based 
on mere chance. In order that any conclusion based upon such 
evidence may be valid, it is required that these tw^o groups be 
similar samples. In other words, the individual scores of the 
first group must distribute themselves around the mean of the 
group in the same way as the individual scores of the second 
group distribute themselves around the mean of that group. If 
this requirement were not fulfilled, whatever group differences 
might be found could only be due to a particular performance 
of a particular sampling. In the case of our experiments, this 
requirement was met by the sigmas of distribution of the four 
series (table 1). In experiment I the composite sigma of the 
sigmas in series A and B is 8.91 dz 2.05 ; in experiment II the 
similar composite sigma is 11.50 dz 2.81. These two sigmas lie 
well within the standard error of each other. Hence these two 
groups can be considered similar as far as the running in this 
maze is concerned. 
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TABLE 1 

The Mean Frequencies <*f the Choice the Pentaeonal Path 



TABLE 2 

Reliability Coefficients 
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THE EFFECT OF CHANGE OF REWAED ON 
THE MAZE PERFORMANCE OF RATS^ 

BY 

MERLE HUGH ELLIOTT 


PROBLEM 

The purpose of this study was to determine the effect of 
changing to a new reward after rats had learned to run a maze 
for a certain reward. The animals were given daily trials in 
the maze and received a reward of bran mash at the end of each 
trial during the first nine days: On the tenth day and thereafter 
they received sunflower seed. The question was whether or not 
such- a change would affect the maze performance of the animals. 


LITERATURE 

The literature on the use of incentives in animal learning has 
been classified by Simmons (1924, p. 2) as follows: . 

1. Experiments in which the incentive was considered only incidentally 
as a necessary means of controlling the training. 

2. Experiments testing the relative effectiveness of different intensities 
of the same incentive. 

3. Experiments testing the relative effectiveness of different incentives, 
or of a combination of incentives, compared with one alone. 

This analysis would indicate that the greater number of the 
investigations in connection with animal ‘‘drives/’ “motives,” 
or “incentives,” have been largely concerned with purely tech- 
nical problems. Such problems are important but it is question- 
able how far , the solutions will be of any particular significance 

1 This is the first of a series of investigations on the relation of moti'vja- 
tion to the learning of animals, which is being carried on under the direction 
of Professors Warner Brown and Edward C. Tolman. The writer grate- 
fully acknowledges his indebtedness to each of these counsellors for con- 
tinual advice and criticism. 
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for theoretical psy(*h(^lop:y. It seems that a fourth eat<*ti:<iry 
should be added to those of Simmons. This \v<»uhl cover oN;pi*ri« 
merits speeifieally intended to stiuly the strictly psycholo^deal 
problems of the nature of the ‘‘drives'* and of tht‘ir ert’ciU up<m 
learning. 



Let us consider now tlu^ invest ijrat ions wliieli li.-ar upon tj.is 
fourth type of problem. Szymaaski (l!)lH«i set out to an-,w.T 
the following very pertinent <iue.sfions: After learniiu' will the 


rat run the maze without thi; riuvard of food ( p. ‘j(Hh f Will 
some other drive serve as well (p. 21 1 1 ;« Szytunnski s answers. 

however, are quite ambiguous an<l ba.se<l on a very small number 
of animals. 


1 U 28 1 


Kllioit: Mn:t' /Vr/m’Wt/ncf’ of Itufs 


in 


Hlod^ott ran rats in n ninz«* withdut n*war<l Un* 

various pariotls ii.r., l\, 7, and Ui «lnysK tluriuK' which tiuic they 
showtsl little improvement, A rewanl ot total was tluui intno 
thieed ami the animals almost at <»nee shtwved u pt'rformanee 
e(|uallinj^ that ot‘ the etmtrtd irrout».s whitdi hatl het‘n reetdvin^ 
food throu«^dmut the trainiuK^ Tliis irnlh'ntes that 'Mattuit h»arn 
injr'' hatl htsm taking place hut was not hein^ mensuretl until 
the fotal rewanl was intnalueetl. S/ymnnsld [VJlSh, p. :i7r»> 
and Simimms ( IDlh pt». hi 71 j tdilnined similar restilts, 

MATKIUALS ANU MKTHoD 
Tin 

The mazt* eontaitied hutrteeu T sluifted eht»iee points arrarur*‘d 
as slujwn in t’ujrun* 1. eaelt alley tieim? f«»ur ineh**s wide and tim 
inehes hm^JT- lhH»rs wt‘re ehnetl hidiinil tlie animals as stion as 
tht*y had eiiterett atjv partietdar alley, ui order tt» prevent 
retraeiiif;. < ‘tirtaitis, ’ jdaeed midway in eaeti alley, made it 
inipossihh* for the rats t<i utdi/e as a eue any etmstant visual 
dithusmee between trtie patli and etil tie sae. 

A nimnh 

rntrained mah^ rats raimuiir ut ai^e fn»m sixty to ninety 
days, apiu'oximately, wen* usi’d. 

Mvlhotl 

The rats were i^:iven on** trial per flay in the ma/e atni were 
allowed ttj remain in tin* ftitnl hi»s at the lunl for thn*** minut**s. 
Th«*y were then returin*d to tin* living eair»* arnl, nhont thirty 
minutes later, reeeivefl tin* aiiflit ifuial fmid Ui‘»’essary to inalo* up 
an ndeipiate tiaily ration. In this lat**r tVi-dinv?: n'\«’**pt as in»tt*»i 
ill tin* ease of tin* efitilr**! n:n»up > tin* f*»ftd was always fif fin* satin* 
kiml as luul heiut r**t*t*iv**d that day in tin* f»»f»*l l»o\ f»f tin* tna/e. 

lh*eortls of both tinn* ami ermrs w*'n* nunh*. Hrrors wen* 
eountt*d when the rut **nt*’n*d a hlind ali»y far einuu?h t»* tlisturh 

USi' «it’ surif **UrtfO»S W;ts fitnl l»v tu, P. <♦, ‘rii*’ 

f'Urtnins wn*' ♦*!* lUiirk *' 1**111 ittnl tUv\ itni in»l * #ms** th*^ 

flittlfult v. 
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the eloth curtain. This is praetienlly the same as the usnal 
criterion of an entrance amtmntin^ to a hody’s lent^th, Partial 
entranct^s were nt»t recorded. 

Controls — 

The maze was imif<»rmly lijrhtetl fniiu nhtive, (tlfaetory cncn 
were very largely ruled out by frequent shifting t*f the etirtains 
and by systematic brushing of the maze after each cage of rats 
(fivi‘ or six) had beeti run. 


VnoCKDVUh) 

E^tperimental {iron />— 

T\ventydiv(‘ rats were fraimal in the maze, rtHMuvinjj: a wet 
mixed food'* for the first nine days, (hi the tenth atid euMtina: 
days sunflower seed, instead <if the usual tliet, was |dneeti in 
the food box of the maze, Hunflower seed was also .substituted 
in the lat(‘r feeding in tiie living cages. 

On the sixteenth day these rats of the experimental group 
were divided into two subgroups A and B, which were there 
after given ditTiudug treatment. The animals in A, from the 
sixteenth day on, were as usual nll<»we<l to eat sunflower seed 
at the end of their maze trial hut they were given tmly n very 
small amount of food (also sunflower se!»d) at the later feetling 
time. The animals in B were returmsl to the original lirnn 
mash regimen. 

Control grmip — 

In addition to the (*x{)erimental animals a grouji of tliirty 
w^ere trained in the maze, always receiving sunflower seed ns a 
reward. These animals usually receive<l sunfhnver seisl at tlie 
later feeding in the cages, but as a pre<‘aut ionary twnsnrr t<» 
keep them in condition for the whole training pt»riod, this was 
supplemented every fourth day by the stamlard mash diet. 


3 A modification of the Htcciiboch <Iiet. 
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RESULTS 

The rats of the experimental group showed the iis-ual im- 
provement in performance for the first ten days. Substitution 
of the sunflower seed on the tenth day, however, caused an 
increase in both time and error-scores on the eleventh and 



succeeding days as shown in figures 2 and 3. The change in 
performance appears to be more than a mere temporary disturb- 
ance, since it increases rather than decreases during the course 
of six days. . On the day of the change of reward, the tenth day, 
the animals did not eat steadily while in the food box but divided 
their time between eating and random searching. • 
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During tht* piTuul \\w tfiitli and sixtH*iith day ther**' 

was undnuhtiHlly an iiunvast* in tha nund»t*r tif partial rntrniie.c^^* 
wlurh w«‘rt‘ not shown in tho rrmr srort‘s. '['his would aeooniit 
in part l\»r tho largt* inorraso in tho tinu* srorrs. 



Figaros 2 and d dopiot, in tiTUiH uf orrorn and timr rosjMu* 
tivrly, tho diffomaTM in pi*rform«nor for tlto various stuKos 
tho traitiiiiMT pi‘Hod. In orilrr t«f show that thr ilifTorotun* f<dl<>vv 
inj^ titr fhari^irr to simtlowor aisnl was si^ynifirntit, tafdo I 
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piTst^nttnl, This tubU^ j^ivos the difference between the mean 
for the tenth day aiul that for each of the succeeding days, 
(livid(Hl hy the staudanl deviation of that difference (i.e., 

<liff ^ Thest‘ ratios were computed from the data shown 

(T titff 

graphically in tigiirt*s 2 and 2. Obviously these differences could 
hardly occur by chamn*. 


TABLK 1 

Ur.i.iAHir.iTiKs or Tur, IUfkkhknc’ks or rna Mkans or the Experimental 

Groitp 


Hays 


10 n 

10 12 

10-12 

10-14 

10-15 

10-16 

difr 

1 t'rrttrs i 

4.07 

:t.U4 

2.41 

a.i*)!) 

4.27 

5.09 

tiiff 

( tinnO 

2.or» 

2.04 

2.r>o 

2.47 

4.04 

4.C2 


Tljf niiimuls in .su»»);n>n{» A on a ffrwitly docmised daily 
rali<in id’ sunlWnwr si'wl (sixteenth lo twcntii'tli days hiclusive) 
<>nitn‘ back la their previous standard of j>erfonnaiKH! or better. 

Subjrroup It, when uKuin reet'ivin^j tluf orifjinal wet mash diet, 
also returned to their previous standard. Inspection of the indi- 
vi<lnnl re<M»rds sunKosts tliiit this grou]) as a whole returned more 
(piiekly un<l uniformly tlian the .semi-starved animals, but the 
■size (if the KiMups is not sufltieient to prove such a conclusion. 

h'i^jures 4 aiul ”> show the learnin>f curves for both the experi- 
mental and the .sunflower-seed groups in terms of errors and 
titne. r<‘speetively. As may he seen, the learning of the latter 


♦ ’I’lie Mtniulnrd <levinti<inH (<r) for tlie xfort-n on each (lay were (lomputcsl 
tiv tlie formula: Hlnwlard deviatioiiH of tlio mranx for 

fiicli day vvi>re tlien f<mi|int<«l Iiy tlio formula: (r„, Tlio standard 

.Inviat ionH of tlu( tUffrrrnc-x of tho mvanx for two days wort* comimtcd 1)y 
tl... fornmla: c.n,t Differences of tl.o means (tivuled 

hv fin- Ht:indard deviations of tlK(w* (liffornnces arc gwen in tlio table, in 
the comiiiiriHons l.etween different lu-rformances of tlie same animals 
1), sliKlillv low(-r a, lift and eiirresti(m<lin({l.Y /tydo' r ratios wou ld lie obtainu 

liv usiiiK file formula: («'tfii)’ 4" (-’■'iis)’ ' 

iJit Itolil, liowever, for tlie eomparison between different groups of aninwls, 

UH in tnbU* «. 
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group was definitely inferior to that of the former. The results 
would be more clear-cut and easier to interpret if the two learn- 
ing curves were equal. Nevertheless, it is apparent that when 
the reward of the experimental group was changed to sunflower 


Bxperimejital group 
Sunf lower-seed control group 
z Change of reward 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Daily trials 


seed the performance did more than merely rise to the level of 
that of the control group for the corresponding period. Treating 
the error- and time-scores in the way described for table the 
curves for the two groups were compared, day by day for the 
period from the eleventh to the sixteenth day. The ratios given 
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in table 2 show for each day tbe difference between the mean 
scores of the two groups (experimental compared with control) 

divided by the standard deviation of that difference (—^ ) . 

CTdiff 



Daily trials 


rig. 5 
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TABLE 2 

Eeliabilities of the Differences of Means of Experimental and 
Control Groups 


Days 

11 

12 

13 

14 

15 

16 

(errors) 

mtf 

.07 

1.48 

.45 

2.07 

3.70 

3.41 

(time) 

<^diff 

.86 

1.73 

1.79 

2.81 

4.16 

4.99 


These ratios effectively bear out the impression given by the 
curves in figures 4 and 5. There is little difference between the 
two groups on the eleventh, twelfth, and thirteenth days, but 
thereafter the difference is definite and reliable. 


DISCUSSION AND CONCLUSIONS 

The difference in performance resulting from the change of 
reward might seem open to a number of different interpretations. 
Some of these possible interpretations will now be discussed. 

In the first place it might be held that the difference is due 
to an emotional upset of some sort. However, we usually find a 
certain amount of habituation to an alarming situation, while in 
the present case the difference in performance increased over a 
period of six days. For this reason an emotional disturbance 
seems hardly an adequate explanation. 

It is possible that the general physiological condition result- 
ing from the sunflower-seed diet might be responsible for the 
change in performance. The evidence for this view is not strong, 
when we consider the control group. It will be remembered 
that on every fourth day they received a supplementary ration 
of the standard mash diet. According to the above hypothesis, 
we should expect an improved performance by these' rats on 
the days following each bran feeding but no such improvement 
appeared. 

A third interpretation would be that the increase in time and 
errors was due to a lessening of the hunger drive and hence is 
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I 

coiuparahle with tho results obtained by Szymanski (1918a., 
p. 209) when he stoppe<l rewarding: rats which had been receiv- 
ing^ food in the maze. The fact that the learning of the control 
gnuip was inft'rior to that of the experimental gives evidence 
f<»r this view. On tlie other hand the learning curve of the 
latter group r<»st' <listinetly ahore tliat of the control animals 
when tlu‘ reward was changed. Moreover, computations" showed 
that after tlie ehangt‘ the experimental animals were receiving 
slightly less food in terms of calories as well as considerably less 
in actual volume. Presumably, then, they should have been 
fully as hungry as tluw wt*re before the change of reward. 

In view (^f the manmu* in which the animals actually behaved 
both i!i the ma/(^ and in tlu^ food box, preftu’ence is here given 
to a tlUTtuaud a ml more prosaic inter|)retation. The animals 
math* errtirs ht'caust* thi‘y were searching for the accustomed 
(ami more (h‘sirahl(*) food; and, on the trials just preceding, 
tht* trut* i)Hth had not letl to this goal. There was never any 
tlilhctdty in g<*tting tin* animals to traverse the maze, such as 
tnight linvt* lH*en (‘X[a*ctt‘d from a weakened hunger drive. 
(S/ymanski, 1918/;, (». .‘17.1, found that satiated rats would not 
run tht* maze.) 

Tht* f<»ll<)wing eonclusiojis art* suggested: 

1. Pats running tin* maze under the drive of hunger were 
learning to expt»et a sp<*eiric reward rather than mere satisfaction 
of hungt»r. 

2. The r(*.sult.s ol)tnim‘d by Blodgett (1921) together with the 
prt*sent fimlings, iritlicate that performance in the maze may not 
exactly mirror the courst* of actual h*arning. A poor per- 
ftnauanct* may hi* dm* to the strangeness or undesirability of the 
rt‘war<l as well as to luck <»f learning. 

••Thm* fomptitatiouK were bawd on the <lata in variouH ImllotinH of tlio 
Paitfd StatoH Department of Agriculture. The (‘ulory ratio wuh approxi- 
mnt<dy s:»: tKI, Tlim ratio vvouhl be made Htill more sign bicant if we had 
n meuHurt* of tin* ridative amounlH of fo(Ml conHumed in the food box of the 
muv-.e iluriag the t hr<‘e minute periml. The rata receiving Hunflower fiecd 
were f<»rc«‘d to Kpeml a certain amount <»f time removing the shells, and 
besides, <li<l not eat so steadily us those n‘ceiving bran. 
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3. In any experiment in which it is desired to show the true 
curve of learning, the reward must be kept constant and care- 
fully standardized. This has not always been done. 
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THE REWARD VALUE OF A CONDITIONED 
STIMULUS^ 

BY 

KATHERINE ADAMS WILLIAMS 

PROBLEM AND METHOD 

The experiment here described was designed to answer the 
specific question whether a box in which rats have been invariably 
fed becomes a reward in itself ; that is, will such a box become a 
goal-object on its own account so that the animals will learn a 
maze in order to reach it even when it contains no food. Accord- 
ing to one type of analysis,^ the box, in this situation, becomes a 
conditioned stimulus to the food-seeking response. The present 
writer doubts the validity of this analysis ; but let it be adopted 
for the present for the sake of convenience. The more general 
question may be formulated as follows : what is the reward value 
of a conditioned stimulus ? 

There are four main methods of comparing strengths of drive, 
and so, indirectly, of reward values. They are the obstruction 
method, the choice method, the learning method, and the latent 
learning method. 

1. Moss made use of the obstruction method.^ An animal is 
placed in a compartment the door of which leads across electric 
plates to another compartment in which there is food. The 
amount of current over which the animal will pass becomes a 
measure of the food drive. 

1 The experiment herein reported was carried out in the Psychological 
Laboratory of the University of California during the academic years 
1926-27 and 1927-28. The author wishes to make grateful acknowledg- 
ment of her indebtedness to Professor Edward C. Tolman and Professor 
Warner Brown for their interest and advice. 

2 Watson, J. B., Behaviorism, (1924), p. 25. 

3 Moss, P. A., ‘‘Btudy of Animal Drives,’’ Jowmal of Experimental 
Psychology j 7 (1924) : 165-185. 
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2. In ttu‘ sanu‘ stiuly, M<iss also omphiyod tho choice 
lie plaml an aniuuil in tho niulilU* oompartniont of a thf<**** 
(^onipartim^nt Ihix. In tho coinpartmont <m one suU* was u i\ntinh* 
in heat, in the eompartnient <»n the <»ther was food. The 
of times that <nie n*ward or the <»ther was ehosen was 
a measure of the relative strength of drive. 

.*1. Miss Simmons used se<»res ma<le in learninjr a niaz(^ 
measure of drive.^ The seores eomparetl may the total 
lK*r of errors ma<le before the maze is learned, total tinu^ 
sumed in learniuji:, <ir number of trials re<pured to learn. 

Miss Simmons' method was at first favored for the 
experiment for various reasons. In the first plaet*, it is free f 
som<‘ of the weaknesses of the other two metluals. The olKst 
tion method i!iv<dves a seeond drive ami, from our point of vit*vv, 
the eonditioninjr of an av<udanee resptuise; while tlie cdi€»u*«* 
method does not offer a meastirement whieh is statist ieall>* 
elear and Ilexihh* as that affordetl hy the learning uu‘t 
FurtheruKUT, maze leartiiuj^: is itself a suhjtad <d’ K^mt 
l()j>;ieal interest, ami it was hope<l that S(»me li^ht ml);rht he »» 

upon the proeess hy whieh it talons plaee. 

4. This learning meth<»<l pr<iper, howev<»r, pn»ved to la* 
able for our purpose,*^ atul a m<»difieati<iu of it w'as found in wli^it 
may 1 k» ealled the latent hmrninjr metiaal. The fuet of 
learning was hinted at l>y ex{)erimentnl work done hy Szynuii:i.Hk 
and later by Simmons,* hut was not examined thoroufchly vixittil 
Hlodf):ett's experiment** elearly <lemonst rated its existenee, lil^nl 
j»:ett ran rats in a multiple-T maze. One jrroup ho ft»d after 
trial for three minutes in the food box. The other frroup, likt* the 

•* Siminonn, U., **TIh» HiUatiw «f CVrtaia Incioit t v**m «ii 

Animal VHyvhulo(fmil .UnnoffraphM, 2 (liej4); no. 7. 

^ S{‘(» AppoiuUx A. 

« HzyiminKki, J. S., * * WrHUt'lu* ilm WirkuiiK Uit Pnktoren cli*^ 
Antricli zum Krli‘rmai <nimr HnniUunir diimi’n kcinni'n/* Vfliitftri* 

170-171 (1018) : 376. 

7 Himmonn, R., IMntivi* Bffei*tU‘enexK of (Jortnln Inrent Iv«*.h 

Animal LKirninj?/' pHifcholoffiml MttnofrraphM, 2 (H»24): no. 7. 

H Blodgett, II. C., ** Relation of Reward to Anirmtl UmrrtlnK/^ 

UhIuhI Ph.I). theHW, depoHtted in the Univermty of (’aUfornia Lihrary, I 



1929] 'Williams: Beivarcl Value of a Conditioned Stimulus 33 

first in every other respect, were given no reward at the end of 
the maze until the seventh day. Instead, they spent three minutes 
in the empty food box, after which they were returned to their 
living cages. All rats were given their daily food one hour after 
running the maze. Error curves for the two groups show that 
the non-reward group made little progress in learning before 
they were rewarded, but within two days after the introduction 
of the reward this group made as few errors as the groups which 
had been rewarded from the first day. Blodgett believes this 
indicates that during the non-reward period the rats did learn, 
but that this learning was held in a latent state and was mani- 
fested only after a reward was introduced. If this is so, it would 
seem that the extent to which the learning curve drops when a 
reward is introduced may be taken as a measure of the value 
of the reward. 

In the present experiment the latent learning method was 
employed in the following manner. First, a group of rats were 
taught a discrimination habit. They were fed in the white side 
of a black-white discrimination box and in no other place. After 
conditioning, i.e., when they had learned to choose the white 
compartment, these rats were given one trial daily in an ordinary 
unpainted redwood maze. For the first eight days they found 
no reward at the end of the maze, and of course did not com- 
pletely eliminate errors. On the ninth day, instead of introduc- 
ing food as a reward, as in Blodgett's experiment, the experi- 
menter placed the conditioned stimulus in the shape of the dis- 
crimination box without food at the end of the maze. The extent 
to which the learning curve dropped was taken as a measure of 
the reward value of the conditioned stimulus. 

APPARATUS 

The plan of the discrimination box is shown in figure 1. 
A is the starting box from which a door leads into the vestibule 
B. C and D are choice compartments leading out of this vesti- 
bule. E is the eating chamber. The whole box is made of red- 
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wood but A and B are unpainted and have green oilcloth on the 
floor. C, By and E, on the other hand, are painted white on the 
inner sides and have white oilcloth on the floor. But in any 
given trial either C or D (C as shown in the figure) has fitted into 
it an inner shell in the form of a cardboard box open at one end 
only and lined with black oilcloth. This cardboad shell can 
easily be shifted from side to side — ^then sometimes (as in the 
figure) C is the white open side, and sometimes D. The animals 
thus develop no position-habits but have to learn to take the 
side which in that trial is white and open. The food dish is 
always placed around the corner out of sight from the entrance 
to the white compartment. The walls are 8 inches high. All 
other dimensions appear in figure 1. 





rig. 1. Diserimination box. 

The floor plan of the maze is shown in figure 2. It is a 
multiple-T maze of the same pattern as Stone’s® except that it 
does not have the little T cross-bars at the ends of the blinds. The 
order of right and left turns isRLLRRLRRLRRLLK. 
The whole maze, including the starting box and the end box, is 
constructed of unpainted redwood, with walls 8 inches high. 
The other dimensions appear in the figure. Retracings from one 
alley to another are prevented by doors at the choice-points, 
indicated in the diagram by the dotted lines. (Dr. Blodgett 
pointed out the advantages of doors.) These doors are made of 
beaver board. They are hung at one upper corner and are opened 
by pulling strings attached at the diagonally opposite corner. 
They thus swing easily in the plane of the door. The experi- 
menter sits at the point represented by A in the figure. From 

9 Stone, C. P., and N’yswander, D. B., ''Reliability of Rat Learning 
Scores from the Multiple-T Maze as determined by Four Different Methods, ’ ' 
Pedagogical Seminary ^ 34 (1927) : 497-524. 



1929] Williams: Reward Value of a Conditioned Stimulus 35 


this point the doors can be operated silently and all parts of the 
maze can be seen with the help of a convex mirror hung- from the 
ceiling of the room. 



Every alley has a separate floor covered with green oilcloth 
which can be removed and turned end for end or exchanged, to 
prevent the rats from trailing each other by smell. As a further 
olfactory control, food dishes stand outside the starting box, the 
end box, and the eighth alley, so that the odor of food is pervasive 
and constant. 
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EXFERLM KNTAL ANl M AI.S 

The rats were foniales from the colony maintained by the 
Department of Psyeholojry of the rniversity of (California. They 
were albino, with the exception of three which vv(»re pied. Of the 
latter, two were in (^Troup lU and one was in Oroup HI. All 
animals were between sixty and a hun<lrtal days old when the 
W'Ork was begun. Tluu'e were lio in each group. 

PR()(CKI)l^RK 

The first part of the experiment consist<‘d in “conditioning’’ 
the rats to the white compartment of discrimination bo.x. 
Since these animals had n<it Ikhui handled m<»re than wjis neces- 
sary in caring for them in tiie cohuiy, the first thrt‘(‘ <lays were 
spent in habituating tlumi to the box and to handling. On the 
first day each rat was placed near the food in tlu‘ discrimination 
box and allowed to eat for twenty minut<*s, t As a matter of fact 
very little food was consumed on thes(‘ first days lH‘enuse the 
animals were very timid.) On the st‘{'on<l day the animal was 
placed in the vestibule and allowed to fimi its way to the food. 
On the third day it was placed in tin* starting box and allowed to 
find its way to the food. After this amount (d' preliminary train- 
ing, it was possible in the ca.se of most animals to begin giving 
ten trials a day, but in a few cases the rat s timidity seemed to 
lead it to sf^ek i)rotection in the dark-tsivered e<unpnrtm(uit, where 
it would stay for an indefinite amount of time. In such cases, 
the choice was open to the experimenttT of di.senr<ling these rats 
as useless, or coaxing them into the white side of the box by 
dragging the food dish a fraction of an inch ahea<l of them. 
She adopted the latter cours(» and s<» sueeee<h*d at last, in bringing 
every animal to the ])oint where ten trials a <iay etjuhl Ih‘ made. 

Each trial consisted in placing the rat in the starting box and 
opening the door to allow it to enter the vestibule, where it made 
a choice between entering the bln<*k cfimpnrtimuit and (Altering 
the white. If it entered the black c<mipart merit for the* distance 
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of its body length, an error was recorded, but the rat was per^ 
mitted to continue its explorations until it reached the food. It 
was allowed to eat for thirty seconds, and then was placed in the 
starting box, for another trial. Since the animal received its 
daily portion of food in this way, wdiich involved a loss of time 
for the experimenter, it was d(*sirabl<' to feed it as little as would 
suffice to keep it in health. A few rats speedily adapted them- 
selves to the experimental conditions and ate enough food in the 
thirty seconds allowed at th(‘ end of each of the ten trials. In 
many cases, however, the rats at(‘ slowly and had to be given 
more time at the end of the tenth trial. Unsatisfactory as this 
method of controlling th(‘ amount of fo(Hl consumed and the 
incentive of hunger manib^stly is, it se(uned to the experimenter 
better than allowing all rats to eat for the same length of time 
or than allowing them all to eat tlu' same amount of foml. All 
rats in this experiment lost w<‘ight, but, with the exception of 
three which died in the preliminary training period, they 
remained in good condition as shown by th<dr sp<H*d; and the 
incentive was ecpial, so far as could b(* judg(‘d from the fact that 
they never had enough food to satisfy them. 

The criterion of satisfactory conditioning was eight correct 
choices out of ten trials on each of three consecutive days; but 
if this criterion was reached Iw^fore the twelfth day, the training 
was continued until that day. Thus, in th(‘ first part of the 
experiment the minimiim nmub(*r of trials giv<m to any rat was 
120. Many rats failed to meet the criterion withiti twelve days. 

After the criterion had been nud, it was assumed that the 
white compartment hud heconu^ a comlitioned stimulus to the 
food-seeking response and that its reward value* might then be 
tested. 

In addition to the experimi‘ntal group proper, two control 
groups were needed. Up to this time no division had besen made, 
all rats alike having been subjected to the process of conditioning 
just described. An effort was made to <iivide them now so that 
the three groups should Ik* composed of rats possessing eciually 
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good records on the discrimination box. It was often convenient, 
however, to assign rats to their groups before they had met the 
criterion of learning, and their performance after assignment 
sometimes proved to be better or worse than had been anticipated. 
In consequence, the group scores for the discrimination box are 
not exactly equal. However, since the correlation between box 
scores and maze scores is extremely low (in the case of Group 
II, .17; in the case of Group III, .09),^® box scores cannot be 
taken as indices of ability to learn the maze, and therefore small 
differences between the groups in ability to learn the box may 
safely be ignored. An effort was also made to divide litters 
evenly among the three groups. At one period, however, 15 rats 
in the experimental group were being run alone and no rats from 
the litters used in this period are to be found in the other groups. 


Experimental Group 
(Group I) 

For the first eight days these rats were given one trial a day 
in the maze without reward. When they finished running the 
maze they found only a plain unfamiliar end box. Here they 
were kept for thirty seconds, at the end of which they were 
returned to the living cage. Not less than two hours later, they 
received their daily portion of food by running ten times in the 
discrimination box. 

On -the ninth day the real test began. The conditioned stimu- 
lus — ^namely, the discrimination box, in every respect unaltered 
except that the food dish was empty — ^was introduced at the end 
of the maze. Since the conditioned stimulus was not reinforced 
for this one trial a day, various precautions were taken lest the 
response become weakened. In the first place these unreinforced 
trials were separated by an interval of twenty-four hours. Such 
an interval of rest in itself is usually sufficient in the case of the 


10 See Appendix B. 
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conditioned salivary reflex to restore the response."^ Also, the 
ten customary trials in the box with food were g'iven each day 
two hours after the may.e was run. Finally, just before the rats 
were put in the maze, they were tested each day in the discrimina- 
tion box wdth reward to make sure that the response was in good 
working order, and not until they had made three consecutive 
correct choices were they put in the maze. 

The conditions under which the rats found the discrimination 
box at the end of the maze were made as similar as possible to 
those in the regular discrimination trials. The discrimination 
box was, of course, in a different position in the room, since for 
the regular discrimination trials it was on a low table, while for 
the maze trials it was placed on the floor immediately end to end 
with the end box of the maz<‘. The rat, howevtT, was taken out of 
the end box of the maze and put into the discrimination box by 
hand, for it was thought that the handling might have become 
part of the conditioned stimulus. That is, the rat, having reached 
the end box of the maze, was lifted into the starting 1 m)x of the 
discrimination box; the d(K)r of the latter was then opened and 
the choice of the black or white all<‘y was premmted as usual. 
With the discrimination l>ox at the en<l of the maze, the rats of 
this group were given tifteen trials, making, with the ])receding 
eight trials with only the [)Iain ejul 1m)X the maze, a total of 
twenty-three trials. 

Non-Uk\vaui> <k)NTHoi4 (iROtre 
((troup 11) 

These rats had be(m through the saim^ conditioning [)rocesH as 
those of Group I. When they had met the criterion of learning 
for the discrimination box, tlu^y were given one trial a <lay in the 
maze without reward. This was continued for tifteen days. It 
will be seen that Group II were treate<l throughout the tifteen 
days just as Group I were tn*ate<l for the first eight days. After 

Pavlov, Ivan, VomHtunwd Refit*reH, trannlatum hy (}. V. Anrop; 
Oxford University PresH (1927), p. 5S. 
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running the maze, they were kept for thirty seconds in the end 
box of the maze. They were then returned to their cages and 
were fed not less than two hours later, when they received food 
during their ten trials in the discrimination box. 


Eeward Control Group 
(Group III) 

Like all the others, these animals had been given the pre- 
liminary conditioning Now they were given one trial a day in 
the maze, preceded by a test series in the discrimination box last- 
ing until three consecutive correct choices were made. They ran 
the maze, finishing in the plain end box from which they were 
lifted into the discrimination box. Here they made their choice 
and received food. After eating for thirty seconds they were 
returned to their cages and not less than two hours afterward 
received their daily food in the discrimination box. It will be 
observed that they were treated throughout exactly as the rats of 
Group I were after the eighth day in the maze, except that they 
always actually obtained food in the discrimination box. 

A criterion of error similar to that adopted for the dis- 
crimination box was adopted for the maze, an entrance of body 
length into a blind alley constituting an error. The time required 
to run the maze was taken with a stop-watch. 


Outline-Summary of the Procedure 

A. Preliminary conditioning given to all groups. 

Ten trials a day in the discrimination box for 120 trials or until 
8 out of 10‘ choices were made correctly for three consecutive days. 

B. Experimental period. 

Group I. Experimental Group. 

a. Prom the first to eighth day inclusive. 

1. One trial a day in the maze without reward of any sort. 

2. Not less than two hours after running the maze, ten trials in 
the discrimination box, when daily food was obtained. 
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I). Prom the ninth to twenty-third day ineluKivc. 

1. Trials in diacriminatiou box with food until throe conaocutive 
correct choices wore made, iinmediately followed by 

2. One trial in the maze with the diserimmathii box, without 
food, given at the end of the maze as reward. 

3. Not loss than two hours after running the maze, ton trials in 
the discrimination box, when daily food was obtained. 

Group II. Non-Reward Oontrol Orou]>. 

a. Prom the lirst to fifteenth day imdusive. 

1. One trial a day in tlu‘ maze without reward of any aort. 

2. Not less than two hours after running the maze, ton trials in 

the l><»x, when daily food was obtained. 

Group III. Pood Control Group. 

a. From the first to fiftt'enth day imdusiv(‘. 

1. Trials in the discrimination box with food until three consecu- 
tive correct choice's wt*r(* ma<le, itnmediatedy followed by 

2. One trial in th(' mazt* v'ith the duseriminntion how, with food, 
given as a reward at the end. 

3. Not le.ss than two hours after running the maze, ten trials in 
the discrimination Imix, when daily foo<l was oblaimal. 


HKSIILTS 

KUHOIt Si’OHMS IN MaZK 

The interest e.(‘nt('rs in the results obtaiiusl for th(‘ maze. 
Table 1 gives the mean mimb<»r of errors fur <‘aeh day, with the 
sigma of the distribution and the nigma of the nuum. Figure 
is a graph of the means. It will be setm tluit (Jroup III, the food 
control group, learns the maze in the usual fashion; (}rou]) 11, 
the non-reward control group, improves a great (l(‘al, but reaches 
a level on the ninth day, after wdiieh no imiirovement (K*curs — a 
level above that of the food eontrol group; (Irouj) I is similar to 
the non-reward group up tfMind including the ninth <lay, having, 
if anything, a somewhat higher average number of errors. On 
the ninth day, it will be reitiemlH^red, the conditioned stimulus 
(the discrimination box) was introduced as a r(‘ward at the end 
of the maze. The re^sult appears in the decreased number of 
errors from the eleventh day to the sixteenth. This improved 
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performance does not last, iiovvever, errors iH'jriti to appear 
once more until on the last few trials the level of (Jroup II is 
again reached. 

How reliable are these ditferenees btdween tht» groups? Table 
2 shows the differenet»s Indweeii the ineains <»f tht‘ three groups 
for successive days, and the eritieal ratios of these ilifferences. 



A comparison of (Iroups 1 and II revi^nU only insignificant 
differences for th<‘ first eleven days, but n diff*»renee ns larj<«» as 
that found on the twelfth tiny wouhl tM»eur by ehanee mly 52 
times in 10, 000. A similar eompiiriH<*n mmie for <h*oups I and III 
shows significant tlifferenees from the ftoirth until the eleventh 
day; that is, such differences w'ould stdihun oeeur by ehanee if no 
real difference existetl. On the elrventh <lay the difference 
becomes much smaller, Ixdng <ibtninnbh» by <*lianef» as (dten as 
1,660 times in 10, (KK). On the thirtrenth day <<roup I actually 
performs Indter than (Iroup III, I)iffer«'net*H as large as thost^ 
found bi'twven Groups If ami HI after th** fourth day would 
very seldom found by chnne»». 
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In summary, we may say that up to the twelfth day Group I 
is not clearly different from Group II and is clearly different 
from Group III. For days 12, 13, 14, and 15, these relations are 
reversed : Group I is clearly different from Group II and is not 
different from Group III. 

The same results are shown more plainly by composite scores 
based on the total number of errors for the four days which pre- 
cede the introduction of the reward, i.e., days 6, 7, 8, and 9, as 
compared with scores based on the total number of errors made 
on days 12, 13, 14, and 15. These scores follow. 

Total Number or Errors Per Eat for Days 6, 7, 8, A]sn> 9 



Mean 

<r 


Group I 

11.84 

5.43 

1.09 

Group II 

10.04 

5.69 

1.14 

Group III 

5.40 

3.75 

.75 

Means of G-roups Comparej> 




Difference <r 

difference . 

C. R. 

Group I minus Group II 

1.80 

1.58 

1.13 

Group I minus Group III 

6.44 

1.32 

4.88 

Group II minus Group III 

4.64 

1.37 

3.39 


If no real differences existed, a difference as large as that 
found between Groups I and II would occur by chance 1,282 
times in 10,000, and one as large as that between I and III would 
occur by chance only .034 times in 10,000. 

Now let us look at the comparable scores for days 12, 13, 14, 
and 15. 

Total Number of Errors Per Eat Made on Days 12, 13, 14, and 15 



Mean 

a - 

< rm . 

Group I 

3.60 

3.21 

.64 

Group II 

8.08 

6.63 

1.33 

Group III.... 

2.96 

2.65 

.53 

Means of Groups Compareid 




Difference a 

difference 

C. R. 

Group II minus Group I... 

4.48 

1.47 

3.05 

Group I minus Group III 

64 

.83 

.77 

Group II minus Group III 

5.12 

.143 

3.59 
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If no real dilference existed between these groups, a difference 
as large as that found between Groups I and II would occur by- 
chance 12 times in 10,000; and one as large as that between 
Groups I and III, 2,206 times in 10,000, 

From these data it is plain that in the period during which 
no reward was given, Group I is not significantly different from 
the non-reward control, but that after the conditioned stimulus is 
introduced it becomes significantly different from the non-reward 
group and indistinguishable from the food group. 

Furthermore, analysis shows that the drop in the scores of 
Group I for days 12, 13, 14, and 15 as compared with days 6, 7, 
8, and 9 is significantly greater than the drop in the same period 
for Group II. 


Deop m ScO'RES for Days 12, 13, 14, and 15, as Compared with 
Days 6, 7, 8, and 9 


Mean <r o-m 

Group 1 8.24 5.89 1.18 

Group II 2.00 7.36 1.47 


Means Compared 


Group I minus Group II. 


Difference <r difference C. R. 

6.24 1.88 3.32 


In terms of probability, this means that a drop as great as 
that found in Group I could occur by chance in Group II only 
4.8 times in 10,000. 

We have seen that the drop in the learning curve of Group I 
is. a significant drop. We may now ask whether the subsequent 
rise is a significant rise. If we compare the total number of 
errors which Group I makes on days 20, 21, 22, and 23 with the 
total number of errors which it makes on days 12, 13, 14, and 
15, we shall have an answer to this question. 


Numbee. op Errors Made by Group I on Days 20, 21, 22, and 23 


o’m 


.999 


Group I. 


Mean 

7.60 


4.99 



1929 ] Williams: Beward Value of a Conditioned Stimulus 45 

Means C\)MrARFJ> 

Diff<»r<*uco <r dvffereiwo C. R, 

Group I on days 20, 21, 22, and 23, 
minus Gvonp I on days 12, 13, 

14, and 15 4.00 1.14 3.52 

Group I would chang^o this much by chance 2.3 times in 
10 000. If the differonee between the records of 

Group I at the two different times be corrected on the basinS of 
the correlation of these two records (.79) by the formula 

<T Diff. = ^Mx + ^Mx <^My ; 

it decreases to .60. This makes tlu» critical ratio (5.66, and the 
probability that such an inert^ase in number of errors would 
occur by chance is considerably l<‘ss than ,003 in 10,000. 


Timk Scohks in tuk Mazm 

Time scores are probably anibij>:u(ms‘* but it was thought 
worth while to calculate averajires (table 3) and to plot a curve 
(%. 4) for the successive^ days. 3'hes(‘ t(‘ll tlu^ sanu^ story as the 
record of errors. 'Grouj) 1 and II are much alila» utitil the intro- 
duction of the reward, wh<*n 1 diverg-cs from 11 ami b<‘comes like 
III for a few days. It does not maintain its r(u*ord at the level 
of Group III, however, but temls t<» rise aicain to its own old level. 

Let us analyze the composite time scores for days 12, 13, 14, 
and 15. 

TcKi'An Time Pkk. Hat ma 1>ays 12, 13, 14, ani> 15 

Monn <r 

Group I 125.24 53 80 10.76 

Group II m M 372.92 74.58 

Group III 128.84 57.70 11.54 

Means or UiauirH (ioMrAUK3> 

9 C, li. 

Group 1 1 minus Group I 176 . J56 75.34 2.34 

Group 1 7ninuH Group III.. 3 . (K) 15.77 .23 

Group 11 m?’nw.s Group III,.., 172.76 75.46 2.29 

’2Tolman, K. G., and Nyawauder, D, H., Hcliuhility and Validity 

of M)fizo McasurcH for ttatH, Journal of Comparative pHuehology, 5 (1925) : 
407-415. 
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A difference as large as that found between Groups I and II 
would occur by chance, if no real difference existed, 96 out of 
10,000 times. Group I is better than Group III, although 
unreliably so, since a difference as great as this would occur 4,090 
times in 10,000 by chance. It is noticeable that the sigmas vary 
far more than the means. The sigma, of the non-reward group is 
five or six times that of either of the other two. 



Supplementary Eecords of Scores Made on the 
Discrimination Box 

In order to interpret these results it is desirable to know how 
the groups compare with one another in the number of errors 
made in the discrimination box in the ten daily trials for the 
period during which the maze was being run. We find no signifi- 
cant differences. The critical ratios of such differences as 
occurred in the total number of errors made, and the number of 
times in 10,000 that such differences would be obtained by 
chance, if no real differences existed, follow : 
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C. R. I^obability 


Group I wiiMMS ^ 3669 

Group I minus Group HI 66 2546 

Group II winas Group 11 1 33 3707 


Table 4 shows the avera|?e number of errors made in the test 
series in the discrimination box immediately before running the 
maze. Here Group I appears, if anything, slightly superior to 
Group III. Since this difference can easily be explained by the 
fact that Group I has had nine more days of training in the dis- 
crimination box, it seems unnecessary to discuss its significance. 

Table 5 shows the total number of errors made by Groups I 
and III in the box when it was entered at the end of the maze. 
Sigmas were calculated by the formula, ,r= V N 1> Q' .J* 

With the use of these sigmas, critical ratios of the existing 
differences were found. Thes<* appear with their interpretation 
in terms of probability in the table. The differences found for 
the first few days might easily occur by chance. However, they 
increase until such differences as thos<' found for the last few 
days would almost never occur by chance. Group III has 
eliminated all errors, whil(‘ Gnmp I makes more than in the first 
trials. 

These three s(‘ri('s of scores show that, there was no general 
breakdown of the discrimination habit even in Group I, which 
found no food in the Ik)x at the end of the maze. The habit was 
weakened only when the 1k>x was in this specific setting, and not 
in the daily trials in tlui box by itself, when food was obtained. 


GONGUrsiON 

The assumption of this exp<*riment was that when the rat, in 
the discrimination trials in the b<»x alone, had learned to take the 
white path to food, a part of the situation, afforded presumably 
by the white compartment, had iK'come a “conditioned stimulus.” 
The principal (piestion was: lias a “comlitioned stimulus,” thus 

18 Yule, C. U., An Introduction to the Theory of Stiitwticn (1922), 
pp. 254 ff. 
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defined, also the reward value of food? The principal results 
indicate that it has this value. That is, the animal will learn to 
traverse a maze for the sake of the white compartment alone, 
with an alacrity as great as that evinced for the sake of food 
itself. On the other hand, the conditioned stimulus rapidly loses 
this reward value when, in the problem-situation, there is no 
reinforcement by the unconditioned stimulus, i.e., when the white 
compartment is regularly found empty at the end of the maze. 
Now, the supplementary figures adduced in the last section con- 
tribute to the demonstration by indicating that the loss of reward 
value is, in turn, concurrent with the loss of just that character 
which originally identified our ‘'conditioned stimulus.” That is, 
those animals which ceased to run the maze efficiently for the 
sake of the (empty) white compartment, ceased concomitantly 
to make, in the box, when they had reached it through the maze, 
the reaction appropriate to the white compartment as representa- 
tive of food. Finally, however, we find that this result does not 
mean a failure of discrimination, but the achievement of a new 
discrimination. This is shown by the fact that the very rats 
which had repeatedly found the box empty at the maze-end, and 
had finally learned not to exert themselves to reach it, and not to 
treat it as a veritable food box when it was reached, indicated 
by their continued infallibility in the daily discrimination trials 
in the box alone, with food but without the maze, that the box 
in the one situation is to them a different thing from the box 
in the other situation. 

1. The conditioned stimulus has, for a time, a reward value 
equal to that of the (unconditioned) stimulus itself. 

2. It very soon loses this value in a given setting, if it is not 
reinforced by the unconditioned stimulus. 

3. Its loss of reward value, however, is concomitant with a loss 
of, or change in, its character as a conditioned stimulus. 
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APPENDIX A 

In a preliminary experiment the learning* method of measur- 
ing drives was employed. Fifteen rats, conditioned exactly as 
were those in the main experiment, were run in the maze, receiv- 
ing the conditioned stimulus as a reward from the first day. The 
number of rats was too small to give reliable results, but there is 
no indication that any real differences exist between these rats 
and the non-reward control group. At no day or group of days 
does the group of rats which had the conditioned stimulus as 
reward surpass the non-reward group significantly. 

These results are regarded as corroborative of the results 
obtained in the main experiment rather than as contradictory. 
There is no improvement as compared with the non-reward group 
because concurrently with the learning of the maze, the box at 
the end of the maze, and empty, has become distinguished from 
the box by itself, and when containing food. 


APPENDIX B 

An interesting by-product of this experiment is the correla- 
tion between the scores made in the discrimination box and those 
made in the maze. Calculations were made only for Groups II 
and III, since for Group I conditions did not remain constant 
throughout the experimental period. These two groups were run 
for different rewards, so the calculations are made for each 
separately. 

First it was necessary to know the reliabilities of the box and 
of the maze. The reliability of the box was found by correlating 
the scores made on odd-numbered days with those made on even- 
numbered days, including days 3 to 26. The reliability for each 
of the two groups was the same, i.e., .93 -f- .027 (corrected by the 
Brown-Spearman formula, ,96). 
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The reliability for the mazt* was eomimteil by correlating 
scores made on od<i-munla>retl clays with those made, on 
numbered days, including!: days 2 t<* l.*t. 'I’hc' same coefficient of 
correlation, i.e., .75) + .OTo (corm-ted by the Hrown-Spearman 
formula, .88), w'as afrain found for cmeh K'roup. 

The correlation between the 1h».x and thc> maze- was found by 
correlating: the total numlK-r of errors made in the box between 
days 3 to 26 inclusive-, with the total nundw-r of e-rrors made in 
the maze bedwe-en days 2 to lo inclusive-. In the- ease- of Group If 
the correlation was .16 [ .18. Whe-n this was e-orre-cted for 
attenuation it iH-eame- .17. The eorrelation for Group III was 
.08 +.20. When correcte-d it was .08. 

In other words, pntvfiaiKii no rorritiition was obtained 
between eiisenmination box ami nia:i in spHe of the fact that 
each in itself seems to have been a m rit n tinUU instrument. 
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TABLF3 1 


Eruor. S(x>h.kk for Su(‘(^kskivk Pays 


Days 


(inuip I 

* 

Moan 

or 


1 

6.96 

1 .78 

.36 

2 

6.16 

1 .66 

.33 

3 

4.36 

2.06 

.41 

4 

2.84 

1 .64 

.33 

5 

3.28 

1.66 

.33 

6 

3.24 

2.39 

.48 

7 

2.92 

1.96 

.39 

8 

3.00 

1.94 

.39 

<J 

2.72 

1.95 

.39 

10 

2.68 

2.22 

.44 

11 

1.56 

2.77 

.55 

12 

1,04 

l.ll 

.22 

13 

.56 

.70 

.U 

14 

.96 

1 .56 

.31 

15 

1.04 

1.17 

.23 

16 

1.12 

1.03 

.21 

17 

1.36 

2.02 

.44 

18 

1.40 

1 .50 

.30 

1 <) 

1.76 

IM ) 

.: i 8 

20 

1.80 

1 . 8 H 

.38 

21 

1.64 

1 .65 

.33 

22 

1.88 

1 .63 

.33 

23 

2.24 

1.79 

.36 


Days 


C!r<mp 11 



<iroup III 


Moan 

9 


Mt'iin 

<r 


1 

6.68 

1.54 

.31 

6.52 

1.53 

.31 

2 

5.84 

2 .( K ) 

.40 

5.48 

2.06 

.41 

3 

4.72 

2.13 

.43 

4 .( K ) 

1.98 

.40 

4 

3.28 

1.70 

.34 

2.00 

1.80 

.36 


3.00 

2.17 

.43 

1.88 

1.98 

.40 

6 

2.32 

1.91 

.:i8 

1.60 

1 .30 

.26 

7 

.36 

1.65 

.33 

1.52 

1.60 

.32 

8 

3.00 

2.43 

,49 

1.28 

1.15 

.23 

9 

2.40 

2.32 

.46 

l .( K ) 

1 .02 

.20 

10 

2.12 

1.53 

.31 

.84 

.92 

.18 

11 

1.96 

1.48 


l .( K ) 

.89 

.18 

12 

1.96 

1.43 

.29 

.60 

.85 

.17 

13 

! 2.00 

2.33 

.47 

.88 

1.03 

.21 

14 

2.12 

1.56 

; .31 

.52 

.81 

.16 

15 

2.00 

2.;^5 

1 .47 

.96 

1.56 

1 .31 
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TAHLK 2 


DiFraRENCts; Between Mka.ns nm StH-trssiVE Days, wn-fi Ckiticai, Ratios 



Group II-I 

(*ntupl HI 

tJruupIMir 

Days 

DifFeretUM* 

R. 

DilTofi’Uiv 

<• K. 

I hfff'ft'Ufo 

r. R. 

1 

.28 

.59 

.44 

92 

.16 

.36 

2 

.32 

.62 

68 

1 28 

36 

.63 

3 

- .36 

.61 

36 

63 

72 

1.22 

4 

-.44 1 

.94 

.84 

1 71 

1 28 

2.61 

5 

-.28 

.52 

1 40 

2 69 

1 12 

1.90 

6 

-.92 

1.51 

1 AH 

2 98 j 

72 

1.59 

7 

- .56 

1. 10 

1 40 

2 SO 

84 

l.HJl 

8 

0.(K) 

0.(H) 

1 72 

3 19 1 

1 72 

3.19 

9 

-.32 

,53 

1 72 

1 3 91 

1 40 

2.80 

10 

-.56 

1.04 

1.84 

3 S3 

1 28 

3.67 

11 

.40 

.m 

.56 

97 

96 

2.74 

12 

.92 

2.56 

44 

1 57 

1 36 

4.00 

13 

1.44 

S 2.94 

.32 

1 24 

1 12 

2.20 

14 

1.06 

2.50 

44 

1 33 

1 lU) 

4.85 

15 

M 

1.85 

.08 1 

20 

1 04 

2.21 
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TAHI.K ;» 

Mean Time S(’okks on Maze for Kirc(’i.>{srvK Days. 


Days 

Group r, 
Timo 
in socoxuIh 

I 

130.32 

2 

05. 24 

3 

02. 52 

4 

5fl. 32 

5 

07.02 

() 

70. 40 

7 

(i5. 30 

8 

70. 50 

0 

50, OS 1 

10 

73.20 1 

11 

41.10 1 

12 

32. 20 1 

13 

2S.S4 

14 

33, m 

If) 

30. SO 

If) 

37, 00 

17 

44. 04 

IS 

30.50 

10 

55. SO 

20 


21 

53.20 ^ 

22 

45.40 i 

23 

54 30 ! 


(iroup n, 
'rinu‘ 

Group in, 
'I'iiun 

in HtH’oiulM 

in Horoiuis 

124. 2S 

17;). 24 

m,72 

122. (K) 

10404 

(H. 12 

H4.44 

4S.8() 

50 SO 

4,'J.2K 

01. 12 

40. SO 

SI 24 

4.5, S4 

SO OS 

42.22 

07. 10 

.27.08 

50. 52 

.28.92 

00 OS 

30.72 

<14. 44 

.2.2. !«1 

SO ss 

.21.(10 

S4 52 

28.88 

02 IS 

.24,20 
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T.VflLK » 

Avkra({k Numrkr (»!*' Mkroks M.vnF. in‘ Ho\ in* Trials 
I*!{.K(’KI> lNt{ MaZK HC'N'NtN'd 


l)nyn 

' 

1 <«ri>ttp HI 

! 

1 

24 

! 

tVi 

o 

2S 



24 

iir» 

4 

r»2 

‘*5 

5 

li\ 

2<» 

i\ 

20 

24 

7 

24 

45 

H 

in 

20 

i 

0 <K) 

20 

10 1 

04 ! 

40 

u 1 

1 .*«<»; 

55 

12 1 

0 <K) 

25 

VI ! 

i in I 

15 

14 j 

04 i 

15 

ir) 1 

OH 1 

25 


Immrdiatfxy 
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TABIiK •« 


Total Nomber. OP Krkoks Make in Box at Kni> op Make 


Days 

Group t 

(rroup HI 

<v It. 

ProlmlnlitioH 
t»f fltuUntc Much 
<Iiffcn*nocM hy chtiucc 

1 

8 

5 

.98 

lfi:« in 10, (HK) 

2 

4 

5 

.37 

3557 

3 

6 

2 

1 58 

570 

4 

4 

0 

2 10 

154 

5 

5 

0 

2 50 

02 

6 

3 

1 

1 05 

1409 

7 

5 

1 

1 ,79 

3<J7 

8 

5 

0 

2 50 

02 

9 

8 

2 

2 22 

132 

10 

6 

1 

2.13 

loe^ 

11 

7 

1 

2 45 

71 

12 

11 

0 

4 40 

.034«- 

13 

9 

0 

2 92 

17 

14 

. 7 

0 

3 11 

9 

15 

11 

0 

4 40 

.034- 
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AN EXPEEIMENTAL STUDY OF THE EAT’S 
‘^INSIGHT” WITHIN A SPATIAL COMPLEX^ 

BY 

HSIAO HUNG HSIAO 


The concept “Einsicht'^ (translatable into English as insight 
or intelligence) has been applied by W. Kohler (1927) to the 
animal’s act or ability of grasping ‘‘a material, inner relation 
of two things to each other.” Since the publication of his experi- 
ments on chimpanzees, a number of studies have been made in 
connection with the problem of insight-learning. These have 
been well summarized by E. C. Tohnan (T927) up to the end of 
the year 1927. 

In very few of these studies have rats been used as subjects, 
and those that have been concerned with the ‘‘insight” of rats 
have yielded conflicting results. 


GENERAL PROCEDURE 

The apparatus used in this investigation was a special type 
of maze, the ground-plan of which is shown in figure 1. Ei and 
En represent alternative entrances. When the starting-box was 
placed at Ei, En was closed, and when it was placed at En, Ei 
was closed. 

Di, Do, D3, D's, F3, and Pc are doors made of wire mesh. 
They hang from the top and swing only in the directions indi- 
cated by the small arrows. They are manipulated by the rat 
itself. 

The maze presents three alternative routes to food (irrespec- 
tive of whether the entrance is at Ei or En). The first route, 

1 This work was done in the Psychological Laboratory of the University 
of California. The writer is indebted to Professor E. C. Tolman for both 
the problem and the general principle of the maze, and for his encourage- 
ment, owing to which the details of the maze and the principles of the 
procedure have been worked out. 
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starts from tlie (*iitraiu*e (oithor Ki or Kn) and thence ^oes 
via I>i aiul h\. to food. The aecond roidr, U.., starts from the 
(nitrance and tlunice jroes via I).^ and P\. to food. The third 
roi(tr\ R.,., starts from the entrance and jiroes via D'.j, and F,j 
to haul. 

It will he notcil that routes R, and Ro cotiver^e into a final 
ronnntyn path, viz., a part <jf the section between 1)^ and I)., and 
the tunnnion door h\ leadinjr from this section into the food 
compartment. Thr purposr of thr (.rprrimrni was to discorcr 
whrihtr nr not thr rat rould arqitirr insipht into thr fart of 



V\iz, 1 


this final mmmon path so that, if this final path should hr made 
'*had** Inf thr lorkintj of h\., thr rat, havintj rrarhrd it hy Iti 
and rrturniny out of h\, would not thru attrmpt to yo to food 
hy It, (althouyli hr had fwrriously huilf up a rrry strony pro- 
funsity to rhoosr It/}. 

The j»:eneral proee<lure a<lopted for testing for such insight 
may he ontlimul as folhiws: 

1. Kach rat was first firiven a brief [preliminary exercise in 
h*nr!Utrji: to manijndate <l<i<prs of the type of Dp D.,, D;,, 1)';., F,,, 
and F. , in a simple *'strai[i:ht»away ' ' c(»ntninin^ thrtu* such doors. 
(Tins “straijrht away,” havinj^ its own startinfjr- and food-boxes, 
lay nlonj^side the mazt* i)ro[)er. It is not shown in th(‘ figure.) 

2, Kach rat was then subjecte<l to a series <pf traininy trials 
in the maze {»ro{ier. 

a. On any jriven training trial two of the three doors 
Dp D., and Dj were loeke<l ami the (Pther out* was left nn- 
lo(»k<Ml, In this way, the rat was f(»reetl in that trial to 
talo' (sooner <»r later i that one of the three reputes corre- 
sJK^mlin^^: t<» the unh*cke<l <Ioor. 
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1 ). Tn j^onoral, tho attempt was nuulo to in this 

way, jrreaior Iraininj^ on both K\ and \L tlian on K,, in 
order to build up a stronjr propensity for both U, and I{, 
and only a weak one for Iv.:- 

e. Duriiif^ these traininii*: trials the sulise<(nent ehoiees 
made by the rat ajmn rrfrarimj ant of h\ or R. (O’ R, wove 
recorded. In tins way it was possihh* to <»bserve and 
measure the extent to whieli, durinjr the traitdnjir trials, 
the rat had built up propensities, upon retraeiip«:, to 
into R, or R^ or R;j. 

(1. The arranjrenients an<l rre<iuenei<*s of training trials 
on the three routes wen* varied until an arran^n*nient 
was finally found which (with tin* <*ntraniM* <»f Hu) ^ave, 
wlH‘n tlu* anitnals r(*traee(l <nit <d’ R, ( lM*t‘an.si* they liatl 
round I), closed), a lar^fe pn»porti<in <d’ easos in wldeh 
they turne<I into R., aint elaust* R. <udy as a last res<trt. 
Finally, t‘aeh rat was *rivt*n a series (if lest trials, 

if. In these tt*st trials all threr do<u*s !), arni t), ami 
I)., w(‘n* unloeki‘d. 

I). In addition, <l<K»r I), was rrnnh’ to swim^ h<»th ways 
so that if tin* rat jxch int<» the tinal e<umnon sei*ti<ui of It, 
and R., (and found bV loekf»<l ) he eoidd retrace out aj4:ain 
through I),. 

c. Finally, most important of all, <h*or F. v\as locked. 

The purpose of these test trials, as was said, was to see if 
the rats, after takinjj: R, tor which, as a restdt (»f the trainiin^ 
trials, they had ae<|uirt‘d a strcaj^ propensity, atnl tintlinji: it 
locked, would th(‘n, on r(*traeinj4: oitl thnmjjrh !)> and thence 
back to tlu* startinji: point, shaiv insitjht into tht **rtanni*in htul 
ness’’ of the final portions of R., ami of Jf, so that, instrat! of 
attempting to go into /i\, thrg wonhl now go itir* rttg to If , 



60 rnivcrsity of California Puhiicafions in Psuchology [Vol. 4 


Part I 

In the be^innin^ of the training: series the entrance was at 
Br, so that Ro was the shortest path, Ri the next shortest, and R, 
the lon<Tcest; and the original expectation was that the animals 
would in the traininjr series build up the stron^jjest propensity 
for Ro, the next stronp^st for R,, and the weakest for R.J. It 
was expected that, in the final test, they wouhl first enter R„, 
but, finding? P,. locked, would retrace out of \L, and then, if they 
had no insight, turn next into hut, if tluw had insight, go 
directly to H... The training was originally arranged with this 
in mind, and it was as follows: first, 42 cons(‘cutiv(‘ trials on R^ 
(i.e., I), and P,. unlocked, I), ainl I)., locked); strand, 17 con- 
secutive trials on li. (I), and P,. unlocked, I), and I);, locked); 
third, 16 consecutive trials on R.j (I), and I);, l(u*k(‘d, but l).j, 1)'., 
and P., unlocked). 

After this amount of training, an analysis was made of the 
results in order to see what propensities W(‘re actually appearing. 
The results of this analysis are sluuvn in tabh^s 1, 2, and 2. The 
data are arrange<l in thes(‘ tahhss so as to indicate which way the 
animals t(‘nd(*d to turn when ndracing put of R^ and when 
retracing out of It app<*ars from the tables that, in coming 
out of R., tli(\v showed a slightly stronger tendency to go to 
R.;, than to !{,. It was felt that, under th(‘se conditions, the final 
test wouhl not be crucial, for the proiamsity to go to R, was not 
strong enough to make sure that, if in tin* test they failed to 
take R,, it was b(*caus(* of r<*al insight. 

A change in the training proce<lure was th<*rc‘fon» nuule. The 
entrance to tin* mazt* was shifted from Ki to Bn. Thus It, was 
made the short(‘st path and R. tin* next shortest. Now it was 
expected tliat the strongest propensity would be for R,, the 
next strongest for U., and tin* weakest again for R,. Pnder 
such conditions, tin* t(*st of insight would be to S(*<* wln*ther the 
animals, in r(*tracing out of R, after fitnling h\. lock(‘d, would 
go directly to R.,, without bothering t<i try R.. In ord<*r, how- 
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ever, for such belia\dor in the test to give definite evidence of 
insight, it would be necessary to show that in the training, 
when it was and not Fc that ivas locked, the animals had 
shown a strong propensity, upon retracing out of Ri, to try R.,. 
Tables 1, 2 , and 3 already show some tendency of this latter 
sort. It is to be noted, however, that, during the period of 
training on (table 2 ), this tendency w^as somew^hat concealed 
by the fact that they were trained on R 3 before learning R.>, 
and therefore would be less likely to go to the place where food 
had never as yet been found. This is clearly shown in table 4 
by the enormous dilference in frequency between the entrances 
into Ro during the first two days of training on R^ and those 
during the following fifteen days. 

During the period of training with entrance at En, each of 
the three routes was opened by turns, and rats were trained 
according to a predetermined series, in which R^ ^.nd Ro were 
opened twice and Rg was opened once. One series of training 
was given on each day, and this was done for three successive 
days. The results of this training are given in table 5. There 
was now a very strong propensity upon coming out of R^ to 
take Ro. 

On the third day, immediately after the training period, 
three tests for insight were given. During the tests, Fc was 
fastened shut, and D^ was made openable in both directions; 
but the doors for the other two routes remained in the same 
condition as before. 

The results of these tests may be stated as follows: In the 
first test, rats I and V went directly from R^ to Rg ; IV, after 
coming out of Dj, stopped for a while at the opening of Ro,- II, 
III, VI, aiid VII actually entered D, after coming out of Dj, 
but finding Fc locked, made the circuit out through again 
and then went directly to Rg. In the second test, rats I and VI 
went directly from Di to Rg ; rat V entered R 2 directly from the 
entrance, and made the circuit from D^ to Rg; and the rest 
behaved in the same way as the majority did in the first test. 
In the third test, rats I and II peeped at Do when coming out 
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of Dp and then went their way to the food box; rat HI, coming 
out of Dp stopped for a while at the opening of 11. before pro- 
ceeding to its destination ; and all the rest went directly from 
Dl to Rj. 

These findings s\iggest the existence of something like insight 
as to the uselessness of R. when h\. is closed. Howevcu’, it seemed 
possible that the results might b(‘ due to clunice. 

It occurred to the writer that a greater amount of alternate 
training on the three roxites, or an increase of the distance 
between I), and D., or an im[)rov(‘m(mt of som(‘ other conditions, 
or all these things combinenl might increase such insight as 
might exist and couse(iiiently enhance th(‘ certainty with which 
the results could b(‘ interi)reted. 


Part 11 

Therefore, for the purpose of testing the findings, another 
exi)erimeut with thnn* iu‘w rats (1, 2, and 2 resp(‘ctiv(‘ly) was 
undertaken. In this exptunirumt the only changt* that was made 
in the maze was to incnmse the distanct^ of I), and 1). from the 
common food door (hV)- Pigun^ 1 as drawn indicates this later 
arrangement). As in tlu^ former cas<*, tin* rats vv(‘r(‘ first taught 
the trick of pushing doors in a “straight away.’’ They then 
went through a period of alttumate training on tht‘ tliree routes 
with the entrance at Kn, Tin* training seri(‘s was R.p Up \L, Kp 
R., and rep(‘ated, and this was given on each day for twenty- 
nine days. 

The (hdailed behavior during this training is prt‘scnted in 
tables 6, 7, and H. in these tables tlie numbto's refer to the 
numlxu-s of the rout(*s (mter<‘d ; and thos(» that art* [)rim<‘d denote 
the doors at whicli the rats hesitated befon* (*ntt‘ring. In tal)le 9, 
the same facts an* shown in a siutunari/.(‘d form. Item B in- 
cludes cas(*s in which rats to<»k R., but did n<»t go so far as the 
door, D., as W(‘ll as tho.st* in which rats n‘ached I)., wh(‘reas item 
(« excludes cases of tin* form(*r .sort. 
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Tables 10 and 11 and Behavior Graph 1 show the results of 
the test. In table 11 the cases in which there were direct 
entries to Eg from the entrance En are excluded, on the assump- 
tion that such entries would be likely to diminish the tendency 
of the rat to re-enter Eo therefore it would be unsafe to 
regard such failures to re-enter as indicative of the existence of 
the spatial insight that was being tested. 
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Fig. 2. Behavior Graph. 

□ = pushing without entering. 

A = peeping. 

O = turning before reaching the door. 

X = hesitating. 

Comparing tables 10 and 11 with table 9, one will find that 
there is an enormous difference, in terms of percentage, between 
the frequencies of entries to during the period of training 
and during the test. 

Finally, it is inferred that this difference is unexplainable 
in any terms other than those of insight, and for the following 
reasons : 

1. This preponderance of direct runnings from E^ to Eg 
cannot be accounted for by the distance to food, for E^ is 
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evidently longer than Ro ; by frequency, for there had been 
a much greater amount of training on Ro than on R3 nor by 
recency, for, according to the order of training in the alternate 
series, R3 was less recent than Ro. 

2. It seems difficult to regard such responses merely as 
natural responses, for the rats’ original preference is evidently 
for Ro rather than for R^. 

3. The direct runnings from R^ to R.^ cannot be looked upon 
as habitual responses to the situation of being closed, for the 
results given in tables 1, 3, 4, 5, 6, 7, 8, and 9 clearly show this 
to be far from the case. 


SUGGESTIONS 

As this experiment is intended merely to determine the possi- 
bility of cultivating a specific kind of insight in the rat, the 
findings can serve only as preliminary to problems of insight- 
learning which may be formulated. Even in connection with 
this simple maze, the total problem, the writer believes, will not 
be adequately attacked until the relationship between the dif- 
ficulty of cultivating insight and each of the following factors 
has been separately and carefully studied. 

1. The order of alternation of training on the three routes. 

2. The distance of Di and D., from the food door. 

3. Variations in the direction of I^. 

4. Variations in the distance between Ri and Ro. 

5. Variations in the distance between Ro and R 3 . 

6 . Qianging the entrance to a position to the left of Ri. 

7. Increasing the number of doors or other obstructions in R 3 . 
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TABLE 1 


The Behavior of Animals in the Course of Training on E^ 
WITH Entrance at Ei 


Rat 

I 

II 

III 


B 

VI 

VII 

A. Number of returns from Ea into 








either Ei or Rs 

12 

5 

5 

15 

9 

9 

10 

B. Number of returns from Ra to 








Rj 

8 

2 

3 

9 

5 

5 

6 

B in percentage of A 

67 

40 

60 

60 

56 

56 

60 

C. Number of returns from Ri into 








either Ra or Ra 

5 

0 

0 

3 

2 

1 

0 

D. Number of returns from Ri to 








Ra 

3 

0 

0 

3 

2 

1 

0 

D in percentage of C 

60 



100 

100 

100 











TABLE 2 

The Behavior of Animals in the Course op Training on Es 

WITH ENTEtANCE AT Ej 


Rat 

I i 

II 

III 

IV 

V 

VI 

VII 

A. Number of returns from Ra into 
either Ri or Es 

13 

20 

11 

10 

t 

11 

8 

7 

B. Number of returns from Ra to 








R3 

4 

13 

7 

5 

6 

4 

4 

B in percentage of A 

31 

65 

64 

50 

55 

50 

57 

C. Number of returns from Ri into 








either Ra or Rs 

12 

13 

15 

1 

19 

16 

15 

D. Number of returns from Ri to 








Ra 

9 

13 

6 

6 

! 7 

5 

4 

D in percentage of C 

75 

100 

40 

55 

1 37 

l 

31 

27 
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TABLE 3 

The Behavior of Animai^ hy the (‘oursk of Tralving on R. 
WITH Entrani’e at Er 


Rat. 

I 

a 

nr 

IV 

V 

VI 

vrr 

A. Number of returns from Hi 

B. Number of rcturna from Ui to 

2 

2 

5 

2 

1 

() 

10 

Ra 

0 

2 

2 

2 

1 

0 

7 

B in perceritnj];e of A 

0 

UK) 

40 

100 

100 

100 

70 


TABLE 4 

The Behavior op Animals in the (’ourse op Training on B;, 
WITH Entrangk at Ei 


KiumtTwo Davh 


Rat 

I 

a ' 

ai 

IV 

V 

VI 

vrr 

A. Number of returns from Hi to 








eitlier Ha or Ha 

B. Number of returna from Iti to 

S 

7 

f) 

0 

0 

4 

4 

Uj 

S 

7 

5 

0 

r> 


4 

B in pereentiif^e of A 

UK) 

100 

UK) 

: UK) 

s:) 

i 75 

100 


'riiK KimiHN Day.m 


C. Number of returns from Hi into 







either R-a or Ua 

4 

0 

10 

5 

i:) 

12 

1). Numlier of returiia from Hi to 







Ks 

I 

0 

1 

0 

2 

2 

I) in percentn^e of C 

25 

UK) 

U) 

0 

15 

17 


0 
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TAiu.K r. 

The Behavior op Animals in tub (Vk'ksk op Ai.w.kn.vi'K 'riiAiNisii 

"VVITU KNTKANH'K at Kti 

Hat. 1 I I II I III I IV I V VI vn 

■-”.1 m 

2r> 21 IS 

sti »5 


TAHMO (I 

Tub Bkiiavior <>b Hat 1 in’ tub <’<m’«.sb or Ai/ithnatI': 'ruAiNiNti 


Day of 
training 


3(1... 

5th. 

7th. 

9th. 

nth. 

13th. 

15th. 

17th. 

19th. 

21at., 

23(1... 

25th. 

27th. 

29th., 



A. Number of returns from Hi IS 18 22 IS 

B. Number of returns from Hi to 

Ra 17 IS 20 10 

B in percentage of /1 94 KK) 91 SO 
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TABLE 7 

The Behavior op Bat 2 in' the Course op Alternate Training 
I < )r(l<‘r of rout<‘H in th<* triunltiK 


Day of 
training 




3 

1 

2 

1st 

12^3 

1 

132' 11 
32 

3cl 

23 

1 

12 

5th 

3 

1'21 

1'2 

7th 

1'23 

1 

1'2 

9th 

123 

1 

12 

nth 

123 

1 

12 

13th 

123 

1 

2 

15th 

123 

1 

2 

17th 

123 

1 

2 

19th 

123 

1 

2 

2lst 

123 

1 

2 

23(1 

123 

1 

12 

25th 

123 

I 

12'32 

27th 

123 

^ 1 

12 

29th 

123 

1 

12'32 


i 

2 

3 

I 

•2 

1 

2 

1 

2 

123 

1 

12 

1 

12 

1 

12 

123 

1 

12 

1 

12 

1 

2 

1'23 

1 

1'2 

1 

1'2 

1 

r2 

123 

1 

12 

1 

12 

1 

12 

123 

1 

12 

1 

12 

1 

12 

123 

1 

12'312 

1 

12 

1 

12 

123 

1 

12 

1 

12 

1 

12 

123 

1 

12 

1 

12 

1 

12 

123 

1 

12 

1 

1 1‘- 

1 

12 

123 

1 

12 

1 

12 

1 

12 

123 

I 

12 

1 

12 

1 

12 

123 

1 

12 

1 

12 

1 

12 

123 

' 1 

12'312 

1 

12 

1 

12 

123 

1 

12 

1 

12 

1 

12 

123 

1 

12 

1 

12 
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TAHLK S 

The Behavior oe Rat in the CoiMtsK oe Ai/i'kknatk 'rKMXiNu 



TAIU.K 9 

Behavior Dukino the I^erkh) oe Tkaimno with UKmiysiy to H , am* D, 


/l. Nun»h«*r«f 
tiincH Ha whm 

H. Kntrit'M 
l<* Ha 

ja ut fit’m-itf 1 
»«<’ u( .1 

fM {*> 

1 r it( 

101 

KM) 

osK'; 

02 

1 OK', 

lOH 

07 

ok; 

02 

i S*H , 

IIS 

102 

sfr; 

' SO 

1 7:k : 

i 
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TABLE 10 


Behavior During the Test with Hkferkni'k to R... ani> Dj 


Rat, 

A. Number of 
times Ra wjus 
passed 

H. Entries 
to Ua 

U in p<‘reent- 
age of .1 

C. Entries 
to Da 

<■' in r>ercent- 
of A 

1 

14 

T) 


4 

2i)% 

2 

10 

3 


0 

0% 

3 

12 

4 


1 

S% 


TABLE IJ 

Bbhavior Diirin<? the Test with Rkfkuksce to IL ani> Dj 


Rut 

A. Number of 
tim(‘s Ua was 
paMs<‘d 

Ji. ICxitrii's 
ttt Ua 

It in pereent- 
iiKe of .i 

(*. Entries 
t«i Dj 

fin percent- 

UKe of A 

1 

12 

4 


3 


2 

10 

3 

;«k; 

0 

O':;, 

3 

11 

3 

27'; 

1 

O'v, 
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THE GENETICS OF LEARNING ABILITY IN 

RATS 

PRELIMINARY REPORT 

BY 

EOBEET CHOATE TEYON 
(Contribution under a fellowship from the National Research Council) 


I. INTRODUCTION: THE PROBLEM 

To what degree are individual differences in mental ability 
(i.e., ability to learn) due to hereditary factors, and to what 
degree due to environmental factors? The experiment here 
reported relates to this fundamental question in psychology. The 
method adopted for solving the problem was that of holding 
environmental factors constant and observing the inheritance of 
differences in mental ability. Such a method, for obvious reasons, 
was possible only with animals. In this investigation the mental 
ability dealt with was that of rats, and it was measured by their 
ability to learn a 17-unit T-maze. 

Originally begun by Dr. E. C. Tolman in 1922, this inherit- 
ance problem gave preliminary results (Tolman, 1924) which, 
though encouraging, brought to light several subsidiary prob- 
lems that had to be solved first. These preliminary problems 
involved: an improvement of the measuring scale which would 
increase the objectivity and reliability of measurement and make 
possible a determination of its validity; the introduction of 
better experimental control of environmental variables; the 
securing of a heterogeneous random sample of rats as the initial 
population; and the development of a better selection criterion 
which would insure rapid effects from selective breeding but at 
the same time prevent biological deterioration from inbreeding. 
How these preliminary problems have been attacked will be 
described in section II. 
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As initially formulated, the objective of the experiment was 
to establish by selective breeding Bright and Dull races of rats 
(Tolman, 1924, p. 2). A further objective has since been added, 
namely, the determination of the genetic mode of inheritance of 
this ability to learn. The second objective will be accomplished, 
it is Indieved, by applying the method used by geneticists in 
St inlying the inheritance of quantitative morphological char- 
acters, to-wit, by crossing the eventual “pure lines” and observ- 
ing the liehavior of strains derived from this cross. 

A OKNOWLiEDGM ENTS 

I wish to express my great indebtedness to Dr. E. C. Tolman. 
Pre.sseil by other work,, in 1926 he assigned to the writer the 
inheritance problem on which he had been engaged for several 
years. Sinct* tlnm In* has been of continued assistance, frequently 
oU’ering ailvice and help on difficult points. To other members 
of the de[)artment much is due, especially to Dr. W. Brown, who 
iiriginally suggested tln^ problem, and gave much help in its 
initial stagi-s, to Dr. (1. hi. Stratton, who as department chair- 
man, freely placeii the re.sources of the department at the writer’s 
disposal, and to Mr. K. Honzik, who gave intelligent assistance 
in the actual execution of the experiment. I am likewise indebted 
to Dr. K. 1$. Ilahcock, geneticist, who read this paper in proof, 
and who gave helpful advice on certain points. 
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II. EXPERIMENT ATj PARTI (’PL ARM 


A. TiIK MKASllKINd ScAI-K 


1. Objectwity of nwa-'iitrctnrnt. — Tlx* lufji.siiritiff in.s(ruii»‘iif 
is a 17-unit T-maze throufrli whicli th(‘ animals nui <im‘f a day 
for 19 days, and tho sooit is the total number of ent ranees into 
blinds from days 2 to Rl, inelusive. A revolvinj; table on whieh 
the animals live diiriiif' tin* entire espt“riinentnl period is used 
in connection with the maze. The use of this table insures 
objectivity of handliiifr the animals, I'or it automat ieally delivers 
each rat into the entrance <if the maze and •N-olleets" him at the 
end without the nusliation of the ••xperiment«T. t ibjeetivit v of 
scoring" is insunsl by the usi* of a d<‘vit‘e which automat ieally 
records his path through the maze. A complete ileseripfion of 
this mechanical device together witli a plan of the niaze and 
experimental teehni<|U(' (unployed is fully s(‘t forth in a pa(<er 
soon to api)ear (by Tolmaii, Tryon and .lell're.ss). 

2. lifiiiability for (Hffcrnitniiiny iitilit'i<lu,t/s. < hi the origitial 
parental sami)le of U2 animal.s, a reliability eoefUeient above ,!t.i 
was found for total errors made in the IM days of running, Even 
for eriors on runs lor only 2 days at .some stages of learning, the 
coefficient reaclu-d a magnitudi* of .!I0. 'I’his reluihdify of 
measurement compares favorably with the best mmilal tests for 
human beings. A full di.scus.sion of the reliability t.f this maze 
is given elsewhere (Tryon, 1928). 


d. Validity an a mvimirv of ability t„ Irani. Vo see if the 
automatic tnazi' meastired in general the same .sort of learning 
ability as would be emfiloyed in the learning of other mazes, 
that 1.S, to see if it measured some ileeieseated adaptive eapaeitv 
in the annuals, a second maze, diirering in ilesign and operated 
under quite dissimilar exjierimental conditions from those of the 
automatic maze, was utilizial. The original p„re,it«l sample was 
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run on this soooml maze aftor oxporitnunnfi: tht* first. The cor- 
relation (corrected for attenuation) between three-day sta^^es of 
learninjr on one mazt‘ an<l thr«‘t‘-tiay stages on the other was, in 
some cases, above .1)0. The raw correlation between total per- 
formance on the aut<»matic and on the stH*tmd maze was in excess 
of .SO. These correlations indicate that the automatic maze 
differentiated the aidmals in .stuue pmeral fundamental ability 
which is likewise employed in learnirt^ another maze. A dia- 
{jrram of both mazes an<l a discussion cd* the community of func- 
tion measured by them is jjrivmi tdsevvhere (Tryon, ll)2S). 


B. KxUKUIMHN'tWh CoXTHOl* <U‘ Kn V trt<»N M KNTAU FacTOKS 

The animals are Inuiseil in n specially etjnstrmded livin^r room, 
aut<»matically heateti so as to prevent extnum* temperature varia- 
tion. They are bre<l in speeinl hreedinyr en^n^s, their otfsprinjr 
numhered at weaninj 4 r time, the siblings st*parated and distributed 
iiito cajjres whieh eontuin, witliitt prnetienl limits, e([ual numbers 
<»f projjreny of Hrij^ht ami Dull parents. The purpo.se of this 
st‘paratu»n is to wipe ottt speeial enviromnetilnl faet<»rs which 
mi^rlU atfeet siblings similarly if they vvt*re kept tojretht»r. When 
the time eomes to run the ma/e, eaeh animal is plactsl aIont‘ in a 
sptsdal e<»mpartment in the rcvolvin«’ tabb*, and is not tt)uched, 
e.xcept f<u’ weij 4 :hin*r on ilays I, and 10, and durinjf a sp<»cial 
prelitninary run <»f s tlays. This preliminary run is (h*sig‘ned 
to neijuaint the animals with the .special features (»f the maze 
whi<'li mijjrlit frighten them if they were smidenly introduced 
into the maze firoper, and this praetu't* is eonstant for all 
animals. On the ninth day ami thi^reafter, animal runs 

thnuijrh the maze t<» Ids home eompartment. wlu*re he his 

only fotal ami water for the day, f(e«:ardin|jr the e<mtroI of 
.seus<»ry stimuli; the patlis of the maze are illuminated by an 
indins't li^htin)^ system; every effort tuts been made to insure 
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that no special sensory acuity may he utilized in running- the 
maze; and the maze room is isolated from extraneous noises 
which might disturb the animals.^ 


C. The Original Parental Sample 
A primary requisite of this experiment was to secure an 
exceedingly heterogeneous sample of rats as the initial parental 
group. The object was to have present in this biological sample 
the whole range of rats’ mental ability. To satisfy this demand, 
the individuals of the parental group were chosen from many 
litters, the parents of which were unrelated for many generations. 
That wide differences were actually obtained is indicated by the 
high magnitude of the reliability coeflScient of this sample. 


D. The Selection Criteria for Breeders 

Success in establishing pure lines of Bright and Dull rats 
depends upon the degree of excellence of criteria by which, 
in any given generation, breeders are picked out that shall pro- 
duce progeny deviating to the greatest degree in the direction 
of their given parents. After selection through three genera- 
tions, the following criteria have been developed, and these are 
used in selecting breeders. 

1. Score on the learning scale . — ^The first consideration is the 
actual error score which the individual rat earns in running the 
maze. At first it was thought that a weighted score would be 

1 Whether the food incentive was sufficiently controlled has not as 
yet been fully determined. Animals of the same sex were fed the same 
quantity of food. If this procedure penalized the heavy animals and 
over-fed the lighter ones, then one would anticipate the existence of a 
correlation between initial weight or change in weight and maze per- 
formance. Though these correlations have not as yet been computed, 
superficial scanning of the records leads the writer to believe that such 
correlations, if not zero, are negligible. 

Certain other variables which were not controlled are: age at learn- 
ing (which varied between 75 days and one year), sex, and coat color. 
These variables have been measured, however, but correlations between 
them and maze-performance have not as yet been computed. General 
observation leads the writer to anticipate that these correlations, when 
computed, will be of small magnitude. 
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the best. This refined score was to be composed of the scores on 
successive stages of learning*, each stage weighted roughly in 
proportion to its reliability and validity coefficients (Tryon, 
1928). It was found, however, that the successive stages of 
learning were ' 'naturally’' weighted according to these coeffi- 
cients, and that the raw total score was good as it stood, for the 
natural weights (sigmas) of the successive stages were roughly 
proportional to their respective coefficients. That the sum of 
the errors on 18 days is a good measure as it stands is further 
indicated by its high reliability and its correlation with the 
score on the second maze. 

2. ^^Kin-perforniance,’’ — Simple assortative mating was used 
at first in choosing mates to be the parents of the animals. 
Bright was bred with Bright, and Dull with Dull. While some 
difference between Fj children of Bright and Dull appeared, it 
was not great, as will be shown later. The writings of Sewall 
Wright, Go wen, and others interested in the genetics of quanti- 
tative morphological characters then suggested to the writer the 
use of some modification of the breeders’ method called the 
"progeny test.” This test consists in gauging the genetic com- 
position of an individual by the performance of his progeny. 
But in this experiment, for many reasons, one generation is 
killed off before its progeny have been tested. A criterion of 
"kin-performance” was therefore devised, to-wit, the gauging 
of an individual’s genetic constitution (in addition to using the 
information which his own performance gives) by that of his kin, 
i.e., his siblings, step-siblings, parents, uncles and aunts, grand- 
parents, and more remote relatives. This criterion was used in 
selecting the parents of the Fo. But its use is difficult; for if 
one has, say, 50 individuals to choose from as potential breeders, 
the total number of kinsmen is great. To facilitate the use of 
this criterion, the experimenter has recently devised and begun 
to use a graphical method which enables him to observe on one 
chart the performance of an animal’s litter-mates, step-sibs, 
cousins, and parents, and on other charts, the performance of 
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more remote ancestors. There is only one chart for each gen- 
eration. Incidentally, this chart at the same time shows the 
degree of inbreeding, and the fertility of the family from which 
each individual comes. 

3. Degree of inbreeding. — ^Inbreeding must be resorted to in 
order to hasten the production of animals homozygous for factors 
that produce brightness and dullness, but such inbreeding must 
not be so close as to permit piling up of homozygous cacogenic 
factors which produce characters that may be deleterious to the 
strain. The following method has been adopted : brother by sister 
matings comprise the parents roughly of half of a given genera- 
tion ; the other half of the parents are more remotely related. In 
the next generation, of those who are selected for breeders, the 
individuals whose fathers and mothers were siblings are mated 
with rats not their siblings, whereas, the individuals whose 
parents were not siblings are mated, if possible, with siblings. 
This method will produce a much more rapid degree of homo- 
zygosity for mental ability than for other characters which may 
be cacogenic, and hence will enable the experimenter to eliminate 
the deleterious factors before they may affect any large number 
of rats. 

4. Fertility. — ^Another requisite is the development of grains 
which are highly fertile. This is essential in order not only to be 
sure that a strain will perpetuate itself, but also in order to 
secure enough children of a given set of parents to enable the 
experimenter to gauge the genotypic make-up of the parents and 
of their offspring. Say that a given pair of parents by test are 
Bright, and all of their children by test are Bright also, then it is 
plausible to suppose that this family is to a fair degree homo- 
zygous for many of the factors underlying Brightness. On the 
other hand, say that a given pair of parents by test are Bright, 
but that their children vary over the whole scale of performance. 
Then it is plausible to suppose either that, while the parents 
had many factors for brightness, they were very heterozygous in 
this regard, hence the “spread” of their children, or that 



78 Univenifu of California Publicaiions in Psi/chology [Vol.4: 

environmental factors had operated to oeeasion a brig^ht per- 
formance of ^genetically mediocre parents. As between these two 
families, parents of succeedinjr jj^enerations should obviously 
come from the first. But to make use of such data it is neces- 
sary to have lar^e families. This demand is beinjj: satisfied in the 
followiiifr way: At the time when the parents are bein^ selected 
for the next j>:eneration, a rather lar^e number are chosen to 
breed. All of those which produce offspring are once again bred 
to their former mates. Only those children are kept whose 
parents have thus littered on both occasions. This criterion 
attains three objects: (a) it retains a line which is highly fertile 
per and (b) it secures a fairly larj^re number of children of a 
driven set of parents. Of psychological importance, (r) it secures 
two types of ofTsprinfr. hrins (immilHU-s of tin* same litter) and 
siblings (members of difiVrtmt litters by tlie same parents). 

f). Physignc . — Only tliose rats are selected as parents that 
have a family and p<‘rsonal history of sound physical health. 

(). (U)l(}i \ — An effort is made to ke(‘p tlu^ stocks as hctero- 
jreneous in color as possibh*. The value of this is not so apparent 
at the present staj^e of tlu* experiment, but after pure lines have 
been establislu^d, then an attiunpt will be ma<le by proper breed- 
ing to fir (liiake homozyjrous) a certain coat pattern and color 
to the Hrifrht strain, an<l anoth<*r patterri and color to the Dull. 
These lines may tlien be kt‘pt in stock without fear of contamina- 
tion by other strains. 
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III. ANALYSIS OF RESULTS 

A. Results which Relate Particularly to the Degree to 
WHICH THIS Ability to Learn is Inherited 

This mental ability must appear to be inherited if, as one 
passes from generation to generation, one finds that there is an 
increasing tendency for Bright to beget Bright, and Dull to beget 
Dull. In successive generations one would expect the offspring 
of Bright and Dull parents to become more and more different 
from one another until in an 7^th generation this difference 
reaches a maximum. The Bright and Dull lines will then be as 
pure as possible under our conditions of measurement. Evi- 
dence which will reveal the degree to which this mental ability 
is inherited will appear from two types of analysis: (1) from a 
comparison of frequency histograms in successive generations, 
and (2) from the change in group statistical constants in suc- 
cessive generations (i.e., by comparing means, standard devia-- 
tions, correlation coeflScients, etc.). 

NOTE ON THE MEDIAN GROUP 

At the outset of the experiment, it was decided as a precaution to use 
also a Median group for the first few generations. In the event that 
either the Bright or Dull group failed to perpetuate itself, then suitable 
individuals from the Median group were to be chosen to brace up, as it 
were, the failing group. Indeed, this precaution proved wise, for a num- 
ber of the Dull parents of the Pi and Po were sterile. From the Median P^ 
group (i.e., those Px whose parents were Median) many whose perform- 
ance was Dull were used as parents of the Dull Pa. But both Bright and 
Dull parents of the P3 proved very fertile so that this Median group has 
now been dispensed with. Future generations will be composed only of 
Bright and Dull lines. 

1. Evidence from the comparison of the distributions of the 
groups . — In figures 1, 2, and 3 are given the histograms of the 
groups in the P, Fi, and Fo generations respectively. The scale 
(of abscissae) drawn at the top of the figures requires some 
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explanation. The distribution of the parental sample of animals 
was originally drawn on a scale of equal width intervals and 
was found to be very skewed. This skewness was due to the fact 
that the dull end of the scale spread out inordinately. For prac- 
tical purposes, the distribution was warped into a symmetrical 
shape by transmuting the original scale into the new scale shown 
above the figures. In this scale, the values 0, 1, 2, 3, , . . . 18, 
mean increasing degrees of dullness. To illustrate, class 0 con- 
tains those individuals making from 10 to 14 errors, class 9, 
from 55 to 64 errors, class 18, from 195 to 214 errors. A justi- 
fication of this procedure will be given elsewhere.- 

The parental generation (P). The distribution of the errors, 
made by the initial random sample of 142 rats is shown in 
figure 1. This was the original group from whose records the 
data on reliability and validity of the maze were secured. The 
variation in this group is very large, ranging from 11 errors to 
195 errors. From this group, Bright, Median, and Dull breeders 
were selected as parents of the F^ as denoted by the cross- 
hatching in the figure (see legend at bottom of figures). 

The jFi generation. The P Dull parents gave too few progeny. 
The Fi children of Dull and Median P parents were therefore 
thrown into one distribution and compared with the progeny of 
Bright parents (see fig. 2). The difference between the means 
(M's) of the progeny of Bright and Median-plus-Dull is not 
great in this generation. It may be noticed, however, that there 
is a marked tendency for the Median-plus-Dull group to collect 
in the rather dull classes from 13 to 18, whereas fewer of the 
Bright group are found in these categories. The progeny of 
Bright tend to collect in categories 1 to 3 more than do the 
Median-plus-Dull. But the variation in both groups is so great 
as to produce a high degree of overlapping. 

2 A more important consideration than transmutation, however, is to 
know the reliability of each point on the scale, that is, to know the degree 
to which individuals fluctuate' by chance from one class to another. The 
probable error of each point is important, because, in the selection of 
breeders, one should know the degree to which each individual is reliably 
different from each other individual. The reliability of these scale points 
has not as yet been determined. 





Pig. 1. Distribution of scores of Parental Group (N==142). 
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Pig. 2. Distribution of scores of Pi. 



M 

Pig. 3. Distribution of scores of Pj. 


In figures above, the ordinate of eacb distribution refers to number of indi- 
viduals, the abscissa to scale at the top. M is the mean point. Barring denotes 
region from which mates are selected, to-wit: 

Y / X Bright mates. ^EBSI l^®dian mates. Dull mates. 
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Such a slight d ( between (a) and (b) in figure 2 is 
probably due to the .tMc;: iliat the Median-plus-Dull group con- 
tained progeny from 1(] Idedian matings and only 6 Dull mat- 
ings, so that the comparison is largely that between Bright and 
Median. The Dull P parents produced only 6 litters from 29 
matings. It is supposed that a greater dijfference would have 
been obtained had a larger group of Dull P parents been fertile. 

The Fo generation. There were more individuals in the 
than in the P generation from which to select suitable mates as 
parents of the Po, and kin-performance was added to own- 
performance as a criterion in the selection of the parents of 
the Po. These mates proved more fertile than their predecessors. 
A certain proportion of matings were brother by sister. The 
effect of the improved criteria of selection for parents is quite 
noticeable in the Po. (See fig. 3, distributions a, b, and c.) 
Special attention should be drawn to distributions (a) and (&), 
children of Bright Pi and Dull Pi. These two distributions are 
now distinct, and overlapping has been greatly diminished. 

The jPg generation. The Median group has been discontinued 
and all effort concentrated on the rapid production of Bright 
and Dull races. The Po Bright and Dull parents of the Pg have 
proved to be quite fertile. The improved criteria have been put 
in full operation in the selection of the parents of the Pg, but 
scores from this generation are not as yet available. 

2. Evidence from the comparison of statistical constants on 
successive generations. — (a) Evidence from the change in means: 
As the effects of selection become more and more pronounced in 
successive generations, one would expect the differences between 
mean scores of the Bright and Dull strains to become greater 
until pure lines, or at least highly homozygous lines, have been 
established, when the difference will reach a maximum. Table 1 
presents the mean scores and their differences to date. 
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TAIU.K 1 

Com PAU ISON ok Mkan Scouks 



Mean of proRorxy 

Mean of progeny 

DifFon’tw'o lM*twoen 

j 

of iiright 

of Dill! 

nu^anri 

F. 

8. 58±. 42 

a.mpfc.rto 
( Moduitt'i >1 UK- 1 > uin 

i.as b .51 

Fj 

4.18d=.16 


4.5n .;to 


This table shows that the (liflereiiee lH*twe<‘n liri^ht and Dull 
strains has increased in th(‘ h\. ovor that of the F,. The inerease<l 
difference, 4.51, is fifteen times its and is therefore 

statistically very reliable. 

(ft) Evidence from the ehan^r<‘ in variability ; Seh‘eti<m, if 
effective, shoidd pnaluce more h<mi<i}ren(‘<nis strains at successive 
generations, that is, the standard <h‘viations should <h*cr<*ase 
until, at the time the rac(*s are pure, they should reach a mini 
mum. Table 2 jifives th<*se sigmas t<i <tatc. 


TAULH 2 

Wtandakd Pkviations ck thk Si'our.s nr riir. V,uoi»t s 



ariisht. 

MeUmn 

Dull 

p 


4 5(1 1 IK 


F. 

S.Oli.IM) 

4 as i 21 

F, 

2. 43*. 11 

3,07 t ;to 

3 IS t 25 


Note that in table 2, no decrease in sigmas a|ipt*nred in ^oinj^ 
from the P to h\. The h\ strains were therefore no mi»re 
homo^reneous than th<‘ V ^roup. But in K<»in^^ from the h\ tu F„ 
the strains un<lerw<‘nt marked <iiminuti<m in heter<»>ireneity. In 
the I^rifrht strain the variability was cut in half, fnuii a.Ol to 
2.42, in the Dull to about threedifths, from 4.i)H (includinjc the 
Median ^?roui)) to 2.1H. 


** J he nunibcfH nft(*r rir are the orthotltoc et‘rer'<, t<i wit, 


P.E. 
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(c) Evidence from the correlation between kin: Since the 
correlation coefficient ber-vV-'ea two variables such as those in 
which we are interested h a measure of how much both are. 
determined by a common cai:s*\ in our case the germ plasm, the 
correlations between different of kinsmen are important. 

The correlations will be between twins, siblings, parent-offspring, 
cousins, uncle-nephew, grandparent-grandchild, etc. Such cor- 
relations have been secured for some human traits, but environ- 
mental factors have not been excluded. In this investigation, 
where environmental factors which would make for a correlation 
between kinsmen have been eliminated, the correlation coeffi- 
cients must be secured for each generation separately, the maxi- 
mum values being reached, theoretically at least, when the pure 
lines have been developed. 


TABLE 3 


COMPAJilSON OF 'THE FERTILITY OF THE STRAINS 



Parents 

Number 
of matings 

Number 

fertile 

Per cent 
fertile 

Number 

of 

progeny 

Average 
number 
per litter 


Bright 

29 

11 

38 

80 

7.3 

p 

Median 

40 

16 

40 

110 

6.9 

{ 

Dull 

29 

6 

21 

38 

6.3 

■■ 

Bright 

36 

34 

94 

254 

7.5 


Median 

33 

14 

42 

89 

6.4 

■I 

Dull 

51 

22 

43 

130 

5.9 




The per cent of Dull r 2 matings that have proved fertile have 
so far equaled that of Bright, though the statistics on this group 
have not been completed 


NOTE ON THE DIFFEEENTIAL PAETIAL STEEILITY IN THE 

P AND Fi 

Surprising results in the fertility of Bright and Dull strains appeared 
early. The Bright animals have been superior to the Dull in two ways: 
in the number of matings which have proved fertile, and in the number 
of children per mating. Table 3 shows these results to date. 

The Bright were most fertile and had the largest number of progeny per 
litter in the P and Pi. Both the Bright and Dull were twice as fertile 
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in the Fi as in P, but the Dull remained less fertile than the Bright. In 
the Po the Dull group appeared to be as fertile as the Bright. This 
increasing tendency for the stocks to become more fertile as the experi- 
ment progresses is due, I believe, to the procedure of keeping children 
whose parents were fertile twice, and excluding others. 

It may not be argued from the data on fertility that the mental ability , 
especially as measured in the Fa, is closely related to physical vigor of 
which fertility seems to be an index, for the Pa Bright and Pa Dull 
groups, which have shown wide differences in mental ability, appear to 
be equally fertile. 


I^OTE ON THE GENEEAL IMPEOVEMENT IN THE P. OVER 
PRECEDING GENERATIONS 

Notwithstanding the fact that the Bright line appears to have become 
more different from the Dull line at successive generations, the amazing 
fact exists that both groups have done better in the Pa than in the Fi 
or P. Notice that in the Dull group of the Po (fig. 3) there are few 
cases in the categories 15 to 18, whereas in figures 1 and 2 there are 
many. A subsequent generation has therefore improved over a pre- 
ceding one — a nice bit of evidence for one who accepts the hypothesis 
that there is inheritance of acquired characters. But other explanations 
may be offered: 

1. As this investigation has progressed, the experimenter and assistant 
who cares for the animals have necessarily become more skilled in 
handling them. But if there have been any changes in technique, they 
have been unconsciously made, for the technique was laid down at the 
beginning of the experiment, and it has not been deviated from in any 
essential respect. 

2. Possibly there has been a progressive decrease in timidity due to 
social influence of one generation, docile by training, upon the next. 
Such progressive decrease in timidity might also be explained by the 
increased skill in the handling of the animals. Such an hypothesis is 
not convincing to the experimenter, for up to the time the rats began 
running the maze, they appeared to be just as timid in the Po as in the P. 

3. The theory most plausible to the experimenter is that general 
improvement of the P 2 over the Pi and P is due to the increased vigor of 
the Po in both the Bright and the Dull strains. Individuals from these latter 
groups showed a heightened vigor in the maze, explored more actively, 
and never refused to run. This increase in vigor is due, I believe, to the 
selection occasioned by the partial sterility of the P and Pi In general, 
strains more fertile and more vigorous physically are being developed 
and hence they are more active in learning. The less fertile and less 
vigorous strains have not perpetuated themselves. 
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B. Results which Relate to the Mode op the Inheritance of 
THIS Mental Ability 

Other investigations in genetics on the establishment of pure 
lines have in the main considered the measurement of structures 
in plants and animals. These characters are similar to mental 
ability in that they vary continuously. The inheritance of these 
characters has been explained by the operation of multiple 
genetic factors ; and by proper breeding experiments, results in 
many cases appear which are consonant with the multiple-factor 
hypothesis and are explicable by no other theory. This hypo- 
thesis applied in its pure form to mental ability would assume 
that one extremity of this trait, say Dullness, is caused by n 
factors, such as aalhcc .... nn, where each factor is inde- 
pendent and of equal weight; the other homozygous extreme. 
Brightness, is caused by N allelomorphic factors, AABBCG .... 
NN, where each factor is independent and of equal weight. 
Regarding such allelomorphs as A-a, the large letter represents 
one factor for Brightness, the small, one for Dullness. No 
dominance is postulated, the heterozygous state produces an 
intermediate condition, and the factors interact cumulatively, 
i.e., the more large letters present, the brighter the individual. 
If the number of factors determining mental ability is large, 
however, these assumptions are not mandatory, that is, domi- 
nance may operate between some allelomorphs, factors may he of 
different weights, they may not assort independently (i.e., they 
may be linked) and yet the character, mental ability, may appear 
to be inherited according to the ideal multiple-factor scheme. 

The question is.* Are the results obtained to date consonant 
with the multiple-factor theory? 

Since the parental group was a sample chosen at random 
from the rat population, it was probably very heterogeneous 
genotypically. The group was too small for one to expect pure 
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-5'emes to be present, especially if the numbor of factors operat- 
r is large. Theoretically, the sample, since it was very hetero- 
^'ous generally, would group about the most heterozygous type, 
^^bCc .... Nn, A few of the more extreme types would exist, 
Course, containing on the one hand, a preponderance of large- 
tered factors, on the other hand, a preponderance of small- 
fcered factors. Singling out these extreme types, inbreeding 
•xn to secure eventually pure lines, AABBCC .... NN and 
^hcc .... nn, is the first objective of the experiment. But 
* the Fi only moderate success can be anticipated. Parents 
Bright Fi would still be very heterozygous, containing many 
all-lettered factors, and consequently, by the principle of inde- 
ident assortment, a variable F^ group would be produced, 
ciilarly, the Dull parents would likewise be very heterozygous, 
)dueing also a variable Fj. The results as shown in figure 2 
! in accordance with these theoretical expectations. In view 
the fact that the Bright parents were in some cases (see fig. 1) 
lost average in ability, and that the Dull parents were very 
ertile, so that the parenthood of the Median-plus-Dull Fi was 
gely that of Median heterozygous parents, one would expect 
■t the children of Bright and Median-plus-Dull parents would 
:er little in the means and would overlap enormously. 

Since the total Fi was a larger group than the P, more suc- 
s was had in securing extreme types for breeders. The Bright 
'ents were all more definitely Bright, though doubtless much 
erozygosity existed among them. Similarly, a quite Dull set 
parents was secured, sufficiently fertile to produce for the first 
le a group large enough for comparative purposes. In some 
es, brother-by-sister matings were made. As a result, the 
Idren of Bright and Dull F^ parents formed quite separate 
fcributions (fig. 3). While there is still much variability within 
h group, overlapping among groups has greatly diminished. 
Consonant with the multiple-factor theory, the distributions 
behaving in such a fashion as to indicate that we are 
inning to shuffle the factors into two piles, those consisting of 
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determiners for Brightness and those for Dullness. The rapidity 
with which this may be done hiiifres upon (1) our ability to run 
large numbers which will increase the probability of extreme 
types occurring (it is for this reason that the I\It^(lian group has 
been dispensed with, in order to concentrate upon the Bright 
and Dull groups), (2) the degree to which brother-by-sister mat- 
ings may be resorted to without pilitig up on eaeogenic factors, 
and (8) the number of factors producing this mental ability 
(the greater the number, the longei the time of sorting). 

Final decision as to the m<ule of inluuntanct* must await the 
crucial crosses which will be made wh<*n rt‘latively pure lines are 
established. If multiple-factcms <ipcratt*. then crosses between 
the eventual pure lines <d' Bright, AAIUU*C .... XS\ and Dull, 
aahhcc .... nn, will produce an F, all of lh(‘ nunlian homozygous 
type, AaBh(U* .... Nn, aiul ihc F.. will vary (jvtu* the whole 
range of performance. Such results, or close approximations to 
them, will demonstrate tliat this mental ability, to tiu* degree that 
it is inherited, is explainabh* by tlie Memb^llan multipl(‘-factor 
formula. 


IV. SUMMARY AND FROSPFUTrs 

The object of this investigation has been <lt»fim*<l as the 
determination of the d(‘gree t<» which this mental ability (maze- 
learning of rats) is inherited, and <if tht* nature of the genetic 
factors which produce it. 

The procedure is as folhnvs: Hegiruiing with an original 
heterogeneous sample of prog(*nit(»rs, selective breeding has been 
resortvd to wuth the expectation of <»btaining two pure lines of 
Bright and of Dull indivhluals, The.se raees, if oljtained, will be 
interbred, and the results of these erosses will irulieate the nature 
of the genetic factors underlying the trait. 

The experimental terhnuiuc corjtains these features: an objec- 
tive, reliable, and valid measuring scab*; s<fmc envinmmental 
variables controlled, and thosi* not cf*ritrollcd, directly or 
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indirectly measured ; an original sample of rats carefully selt‘ct(*tl 
so as to include a random sample of ability; selection criteria 
developed which aim at the rapid production of pure lim^s in 
mental ability but which at the same time eliminat<» caco^tuiic 
characters. 

The results 0X1 the 1 \ and ^nmcrations irulicate that this 
mental ability is inherited, in part at least, and there is reason 
to believe that pure lines may Im obtaintal. Th(‘ results s<» far 
are consistent with what would he anticipated if this trait were 
produced by multiple genetic factors. 
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BY 

MBELE HUGH ELLIOTT 


PEOBLEM 

The first object of this study was to determine the effect of 
the appropriateness of the reward^ upon the maze performance 
of rats. A second object was to determine the effect of the 
presence of two drives upon such maze performance. 

METHOD 

The same maze and the same general technique were used as 
in the study previously reported (Elliott, 1928). The rats were 
given one trial per day on a 14-unit multiple-T maze and were 
scored in terms of time and errors. 

PROCEDUEE 


.90 

.85 


Three experimental groups were used. All three groups were 
both hungry and thirsty throughout the training period. All 


' 'M.'. 


1 '^Reward’’ is defined as the object placed in the endbox of the 
maze. ‘'Drive’’ is defined as the internal state of the animal resulting 
from deprivation of food or water, i.e., hunger or thirst. “Appropriate- 
ness” is defined in terms of the relationship of reward to drive. 
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three were rewarded with bran mash- for the first nine days, 
which was changed to the water reward for the remaining nine 
days of training. The three groups tliffered from one another 
only in regard to the relative strengths of the two drives which 
were simultaneouvsly present. 

All the animals were fed the remaincUn' of the day’s ration 
in the living-cages one hour after the daily maze trial. The 
regimen of the various groups was otherwise' as follows: 

Group E — 

This group consistcnl of male rats which were both very 
hungry and very thirsty. The water l)ottIes wt‘re taketi out of 
the living-cages eight hours before the mazt‘ trials and the 
animals were at the same time given a small amount of dry 
bran mash. 


Group F — ' 

This group consisted of 2*) mah^ rats which wen^ very hungry 
and slightly thirsty. The wat<»r bottles wert» nuuoved half an 
hour before the maze trials, and no dry food was giv<*n. 

Group G — 

This group consisted of 22 male rats which wcu’c slightly 
hungry and very thirsty. The water l)ottles were r(*m(»v(‘d eight 
hours before the maze trials an<l large contaim*rs of dry food 
placed in the living-cag<‘s. The thirst was int<msifled by the <lry 
food, and the animals ate only until some (h»gree of balance was 
reached between the incn'asing thirst and d(*crcasing hunger. 
(If they were now given water, they would tlum i‘at tnon* of the 
dry food. Likewise, they were still ahh* to eat th<» slightly 
moistened food which was used as a reward for tlie first nine 
days. See footnote *1.) 

This \vu8 a mocUncutien of tlte 8te«‘nh<it*k Two by voUimo 

of the food w(*re comljined with one part of wuter to produeo u <h*yiHh 
mixture whicli it wuh thought would not quench the thirst <»f the nninuilH 
and at the same time would n<if aggravate it. 
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RESULTS ON APPROPRIATENESS OF REWARD 

Figures 1 and 2 give the average perl'ormanei' of eaeh of tho 
three groups in terms of errors and time, respectively. In order 
to show the significance of the various changes in piu-formanw' 



Sig 1 

resulting fr<uu the change of reward, the following tables are 
j)resente<l. In each of thes(‘ tables are given the {lifferences 
between the mean for the tenth <lay and that for each of the 
succeeding days, divided by the standard deviation of thow 

differences (i.e.,~'“.^^ ). In thes(‘ tables the f sign pri'ceditig 
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the ratio indicates that the mean performance on the particular 
day is above (i.e., poorer than) the performance of the group 
on day 10, while the — sign indicates that it is bolow (i.e., better) . 


TABLE 1 

nTPH-.T A TtTT.T T mrig , OF I'HB DlPPEIEtBN'CES OP THE OF GrOTJP E 


Days compared 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

(errors) 

<rdiff. 

+1.06 

+2.36 

+2.38 

+ .44 

- .14 

- .98 

-1.60 

- .90 











TABLE 2 

Reliabilities o-p the DiFFmi.'N'CES op the Means for Group F 


Days compared 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

(errors) 

<r diff. 

+ .45 

+ .82 

+ .50 

+ .36 

-1.10 

- .00 

- .77 

- .06 

(time) 

<7 diff. 

+ .87 

+1.20 

+3.60 

+2.94 

+2.65 

+3.16 

+2.22 

+2.93 


TABLE 3 

RlILIABILITrBS OF THE DIFFERENCES OP THE MEANS FOR GrOUP G 


Da 3 ^ compared 

10-11 

10-12 

10-13 

10-14 

10-15 

10-16 

10-17 

10-18 

(errors) 

<7 diff. 

-1.24 

-1.77 

-2.46 

-3.03 

-2.77 

-2.21 

-2.81 

-2.57 

(time) 

(7 diff. 

-1.11 

-1.54 

-2.29 

-2.61 

-2.51 

-2.45 

-2.67 

-2.35 


The rats of Group E, which were both hungry and very 
thirsty, showed, when the reward was changed from food to 
water, an increase in both time and errors and then returned 
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approximately to their former level of effieieney. The ratios in 
table 1 indicate that the time scores tended to lag* behind the 
error scores in this return. 



In the case of Group F, whose members were very hungry 
and only slightly thirsty, we find a decided increase in time 
as a result of the change of reward from food to water. The 
errors, however, continued at about the same level as shown in 
table 2. These animals were decidedly upset by the ch^ged con- 
dition of reward. Their usual behavior on arriving at the reward 
box (after the change) was to drink a little water and then to 
struggle wildly to escape. If anthropomorphism be permitted. 
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one would describe these animals as extremely excited, emotionally 
disturbed, and occasionally neurotic. 

In table 3 we see that the rats of Group (}, which were 
slightly hungry and very thirsty, showed a distinct decrease ir 
both time and error scores when the reward was changed from 
the food to water. Four of the rats in this group showed ‘'dis- 
appointment’^ on the tenth and eleventh days. That is, after first 
drinking a little water, they either stnigghnl t(» escape or spent 
the time in scratching or scuirching. Asidt^ from this, there wa^ 
no indication of dissatisfaction with the water reward. 


RESULTS ON THE EFFECT OF A OO.MPLEX INOENTIVE 


The animals of groups E and F wen» very hungry, and were 
running for the food reward during the first ten days.-* Group E 
had also a strong thirst drive. Both th(‘ error and tim<» scores 
during the first ten days sugg(‘st that the pn^sejice of two strong 
drives, only one of which is rewarded, is mon* t*irective in facili- 
tating learning than is the one reward(‘d drive alont^. 


DISCUISSION AND (H)NOl.USIONS 

The fact is well established that <lifTerent rewards vary in 
their effectiveness. Simmons (1924), for t».Kample, has shown 
that “bread-and-milk and sunflower-s<‘ed both apptud to the 
hunger motive, .... and yet we g(*t a (lifTenuuM^ in records 
with the two rewards.” The same tiling is shown by the two 
groups previously reported (Elliott, lil2S), which were rewarded 
for ten days with bran mash ami sunfl<»wer seed, respt‘ctively. 
Hence we may postulate a factor, ‘Tevvanbvalue,”^ which will 
vary in strength for difTenmt rewards, given <me and the same 
drive. This “natural” reward-value may. however, be affected 

• « Thi‘ Toward wan actually changod <»n the teatU day Out of fourso 
did not uffert the pcrforiunnce on that day. 

Th(* term * * n^ward-value * ’ wan lK»Trt»wed from K.ntherim* AdamH 
Williams, 192i). 
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in various ways. In the first placo, a further ooiisidoratitui <»f 
the diiference between the two j^roups just mentioiuHl. after the 
change of reward, indicates that the previous training may alter 
the reward-value. From the tenth to tlu' sixttamth days both 
groups were rewarded with sunflower s(‘ed and yet a ilitferenee 
in performance resulted which shows tlu‘ alttu-ing etlisd of pre 
vious training. Second, it is evident that reward value is ntltaded 
by the existing drive. That is, water lias rt‘wartl value <inly for 
the thirsty animal. 

With this eonce[)t of reward-value in niiial it is possible to 
discuss the results of this experiment mon» intelligibly. The 
appropriateness of reward previously rmuitioned is obvioiiHly 
synpnomous with reward-valiu'. 

It will be renumdiered that the animals (d* groups H anti it 
were very thirsty. It is to be exptaded, \\\vveUm\ that ttudr per 
formanceon the water reward (days HI IS) wtudtl bt* etpiivnlent. 
After an initial period of becoming accustonusl t<» the new reward 
this appears to be tlu^ case. 

Group G, slightly hungry and very thirsty, imjtniviMl rapitlty 
on being changed from food to water. Group F, very hungry 
and slightly thirsty, gave a corresponding deteri<tratit»n tn 
performance. 

From the results with tht‘s<» groups wt‘ wtndd t»fmelude that 
maze performance is a direct function <d’ rtuvard value. Jly 
appropriately varying the component factors <d' reward value, 
viz., the nature of the rewanl, previous with the 

reward, and the drive, it should Ik* tiossible to produce anv 
desired proficiency oi maze* piTformatice (given the same amounts 
of previous experienc(* in the* maze). 

With regard to the second general problem, tlie results sug 
gest the ])ossibility of obtaining greater maze protlcieney when 
two strong drives are present although only (me uf these is 
rewarded. If this conclusion wen* vc*rifit*d the evident explana 
tion would be in terms of the* gn*nter activity caUH(*d bv the 
double drive. 
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A SELF-RECORDING MAZE WITH AN 
AUTOMATIC DE LI V E li Y TA B 1. E* 

«Y 

E. C. TOLMAN, 11. C. TBYON, and I-. A. JKKl’BKSS 


The need for some form of splf-rm>rdiup: nuizo, to be ti.seti in 
experiments in which larfyc numb(M-s of rats art* to be rtni. and a 
description of a preliminary type of such maze were pres«‘nt<‘d 
in a previous article.- The {mwent paper descrila's the tliial 
form of the maze. A comparistm of the two articles will indi<‘ale 
that the changes comsist prinei[)ally in: (1) the a<hlitie(n «>f an 
automatic delivery table upoii which the animals live <turintr the 
course of the experiment and which delivers them autotuaticully. 
one at a time, to and from the maze, (2) the substitutUni of a 
modified recordiii}? voltmeter in place of electric eiamtej-s as the 
device for recordinjf errors and time, and (d) the us<- td’ mercury 
cup contacts under the tnmds in tin* maze Ihstr in [ilnee of 
telegraph keys. 


.JofPress (tlniverHity ot Texiu) <teiii|{ti<<<t (he ortiriititl wiirkiiiif 
/L automatic ilolivery tnlilc and the orlKinnl wiriiiu iilati, TrvMii 
(National BoHcarch Fellow at the Univertdty of < •iiliforniiii huiU, in i.'art, 
and installod the /Inal upparatuK and ilt'celoptal tlc’ teehnitpn* netunlU 
running the animala. Telman (Clniveraify of ('aliforniitt nn.t Tivon have 
together Hupplied vanouH electrical and mechanical aimplttlcut’ion* and 
iiavo jointly written the preHi^nt neeount. 

For 8Uf?i?e8ting a number of the olocHrmitl and morlmniral 

^ Htnnford rmvermfv. Tu 

Mr. W. W. Sherer of the Wentern Klwtn» Meehunienl (*tmi|»anv «»f (>jtK)iu>d 
California, we are ind<‘bt(»d for eomstaut ndviee nml tm hU 

tiona'in^lh^v problemH, f<»r HUKKentiuK j.rujMrr 

tions m tlm voltmeter for the deniKu of the npider, worm and fb.^ 

specual eontae.t key finally uneil in motivntiiiK the revolvtaj? 
AcknowledgmontH are to be made to Dr. K <1. \Ve\or of Druirefoa I n* 
versity for varlouH helpful about wiring:, to .\!r, D. Diirdv 

J»akinK the photoj^rnidiH, and to Mr, J, Duel for tbe 

Fmall^y, aeknowled^ment ih to be made to ttie Keneareh Hoiird of 
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The imize 2US here doscribetl has ht^en erected in the Psycholojry 
Building of the University of C'aiifornia iiiul has already been 
used for an extended experiment upon tlie iuht^itnuee of numv 
ability in rats.'* Its practicability is inilicatetl by the fact that 
to date more than 10,000 single trips have been made through it 
and sueeessfully recorded. 

I. UKNKUAIj PUOUKDirKK 

Figure 1 shows the general laycnit of the apparatus. A par- 
tition separates the maze room from tht^ animal room (fig. 2). 
The miimals to l)e run are placed in tlie revolving delivery tal)le 
at the end of this room. The table has two tiers of compartments, 
so that each animal has an upper anti a lowt*r ctmipartment. lie 
lives in the upper compartment until the time for tlu^ day’s run, 
when he and his <‘ompartment are transferreti t(» the lowt*r tier. 
This transfer is made witlumt handling him individually, ftu* the 
compartments are in m»sts td* sevefi. These nests can lu* renuvved 
like bureau drnw(n\s and inserted in either th<‘ up[»er or lo\v<‘r 
tier. (See tig. 2 where a lower nest of compartments in the h^wcr 
tier has been partly pulled <»ut.) The empty compartments taken 
from below are put above ami supplied with f<MuL 

The animal gm's into the maze room at thi* p(unt marked 
^'StarU' in figure 1, elind)s a short inelitn^ to the level of th(‘ 
maze, and after one right ami one left turn enti»rs tin* first unit 
of the maze. The maze is ma<le up (d seventeen T units, like the 
one shown at the bottom of figure 1. Kueh unit eemtains a blind 
alley and an exit into tin* next unit. The dotte<l line in the figure 
indicates the path of a rat whieh enters the unit at the idbow 
piece, walks over a trap door, TI> (whieh by rising up behind him 
prevents his retracing), comes to the ehoiee point, enters the 
blind alley, retunis from it, and g(M\s into the next unit, Blaek 
curtains, C, are draped halfway in the blind ami also in the 
true path in order that both may lo<rk alikt*. All the floors are 

8 Keported in Tryou, R. C., learning nbilitv in ratH/’ 

Univ. Calif. Puhl Psyehol, 1029, 4:71 HO, :i figures in text. ‘ 
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Fig. 1. Diagram showing general plan of automatic maze; a schematic 
presentation of the animal room and maze room. Below: sketch of a 
unit. 


.ovable, except 8. As the rat walks over the movable floors, 
ley dip slightly into mercury cups beneath, which connect by 
ires to the recording device. In traversing the maze, the animal 
)es through all seventeen units, marked by numerals in figure 1, 
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and finally arrives at a point directly above his starting place. 
Here he enters his upper compartiuerit by going through a final 
end-door (‘^End’O? which, when it rises behind him, sets the 
revolving table automatically in motion. The table turns to 
bring the next compartment into position, and stops; the next 
animal then leaves his lower compartment to tread the maze; and 
so on until all the animals living on the table (a maximum of 
fifty-six) have been run. 

Immediately before an animal enters the first unit, he walks 
over a floor (see ‘"Begin” in fig. 1) which sets going the recor<i- 
ing device at the experimenter’s desk. This device registers on a 
tape the path of the animal through the maze, and is turned off 
by the animal at a point beyond the last unit (.see “Finish” in 
fig. 1). 

Figure 4 is from a photograph showing the first and last parts 
of the maze. The rat’s progress as described abovt^ a[>pearH in i)art 
in this figure as follows: At K (“Start”) the rat comes out <vf 
the table, then climbs up to the maze level and <‘nters the 
proper at B (“ Begin”) where he sets going the recording devi<?<‘. 
T-unit No. 2 is in the right foregrotnul, No. 4 is to the l<d‘t in the 
foreground. In these units one may observe the curtains atul 
automatic doors. When the rat has gone through all of the units, 
he comes out at T at the upper right iKJrtion (^^ figure 4, and 
goes from T to B where he enters his upper compartnumt. In 
the figui'e a short-cut is shown, by whitdi an animal may go from 
P directly to T without entering the maze {iroper. Thi.s short- 
cut is a ])reliminary training path whicdi will be <liscusse<l undt^r 
‘ Experimental t(»chnique. ’ ’ 

After the animals have all been put into their U»wer compart- 
ments, before the day’s run, tht^ experimenter^ pr(‘.sence is no 
longer necessary, for th(^ animals run themselvt‘s. Ordinarily, 
he works at the desk shown in figure 7. Ab<»ve the desk the 
recording device is fastened to the wall, and to tlu» right of it in 
an electrical cabinet containing all of the central electrical con- 
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Fig. 6 Fig. 7 Fig. 8 

Fig. 2. Animal room. 

Fig. 3. Revolving table compartments. 

Fig. 4. Beginning of maze. 

Fig. 5. Tread. 

Fig. 6. Recording device. 

Fig. 7. Experimenter’s control desk. 

Fig. 8. Table-motivating device. The spider has been lifted oft its 
normal axis in this picture. 
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nection«. Seated at his desk, the experimenter has everytiunit 
within reaeli, and may eontnd any portion ol* the elect rieal 
system by manipulating auxiliary luuul switehes. 

II. TKVIISIVXU DHTAIIiS 
2'he nrordifuj dt rur - 

The automatie reeord involves a specially nmdified re<*<>r<1inK 
voltmeter (%. 0). This is n ‘‘Type V"' West iujtho use receritinu^ 
voltmeter provide<l by the Western Meehnnieal (*<>mpniiy of 
Oakland, California, but motlifletl by them to tit the special iieotls 
of the situatHUi. 

The rate of travel of the re<*ordinK paper was very iiiueh 
speeded up by means of a small bd eyc*h* ll(J volt A.(\ fati-t*icti»r 
attached to the m*‘t«*r in place of tlie original motor. l*he 

increased spetul was necessary to record the projrrasH an 

ordinarily fast«ni<»vin*^ rat. The speeial mot(»r spetsls up the tape 
to If) cm, per minute. The detads uf the wirinjr of the 
circuit an* shown in \K Wlem t(ie rat steps on tlic trend 

of the startinjj: unit, K (/‘Hejrin/* tiMT l^ he thereby eoiii|»letes 
a circuit through the mnvrtiet t»f relay Nt* :i, which eUiH«*s the 
circuit ami .starts the motf»r ijroin^^ At the same time nlso 
ma^ueti/es relay 1, whieh shutits acn*ss this trend arul k«*eps 
the circuit cl<»s«sl eveti aft**r the rat has ^otu* on fnrtht»r, lu 
fact, the circuit is kcjit closetl until the rat tinnily ste|)H cui the 
finishinji: trend (“Kinish/' Hir. I k TIm* iinishin«r trend cUkhc.h nn 
additional circuit which iiumneti/es relay Xt* 2, ami this is si* 
wired that, when mnj;?ne{i/ed. it breaks the on^tnal idreiiit 
Relay Xo. .'i is thus <h*mairneti/ei| atnl the A {\ inoti»r cireuii 
brok<*n, 

Hy Hp(*cific types <d’ deflection the ivetoduu^ ttwtvr .show;H the 
particular trea<l f»f the ma/»* proper which at a j^tvett mmiifiit is 
occupied hy u rat. Kiijure a shows tfie tread m tlie **stt*m f»f 
a T-unit (S(*e bottom of fi^f. I -. In the iiuure, fie* fhnir <if the 
tread has heen removed hy simply hftum' d out ami it is hIi^wu 
lying upside down beside the frame m which it norinnUy sit^ 



ion 
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Wht'ii tfiis floor is put imok, if. posts ou tho >falvHniz.Hl iron 
fulmim sitow.hI to tiu* mitUilo of tho hn.S(‘ of tho troad. In tin* 
normal position, out* of tin* motal prongs in oiu* otul ninior tin* 
surfnoo of tin* floor (s,*.> fijruro) rests alwir tin* nn*n*nr.v, whicli 
only partly fills its <'up, while the other pronjr is pt'rpetujillv 
immersed in the tnereury whi.di eompletely fills its eup. As a rat 
iroes <»ver the wire d<ior and st<'ps <vn the floor, this floor <li|)s 
• h.wn sUtrhtly an.l ennses the prontr which ha<l been above the 
mereury to ilip info its en[>, thus eompletinjf a ".sfem” eireuit. 
Besides this type .d' ••stem” treml there is a -bliml” tread (see 
fitr. n whieh is identieal with the ••.stem” except that it lacks 
a wire trapdoor. ••Stem ami ••blind” treads, howevt^r, make, 
as we shall see. difTermd detleetiiius of the reeordinjj neeille. The 
other arms of each T unit als4i have treads. But the.se in <Mir 
actual praetiee have not been wired talthoiijxh they eould be). 


rji:r -j 



t*. to rontrol motor ou rioMinliuif voltmrtor. 


The wire nnf<»matie doors nppearintr in the stem treads are 

simply jii of hardware cloth hinged by nails at the bottom 

ninl held up by rubher hands, When a rat walks u|) on the.se 
♦loors they pt down in front of him, because <»r his wei>jht. When 
he hits stepped <dT, ll»*y tly up hehind liitn and prev»*nt his 
retraeintf. 
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The meter in the recording device was rewound so as to adapt 
it to recording a total potential drop of only ^ v, (that provided 
by an ordinary storage battery) . A potentiometer wire connected 
across a storage battery served as the source of potential, and 
five different amounts, of potential drop were tapped off from 
this wire and connected in circuit with the various types of 
tread. The wiring is shown in figure 10. The middle of the five 



potential drops was used as a dead line> so that the needle would 
stay in the center of the recording paper when no contacts were 
being made in the maze. The two smaller potential drops, 
recording above this middle line, were wired with alternate odd 
units in the maze, that is, with units number 1, 3, 5, etc. And 
the two greater potential drops recording below this dead line 
were wired with the alternate even units in the maze, that is, 
with 2, 4, 6, etc. In this way maze unit No. 1 records to the left 
of the middle position of the needle ; unit no. 2 to the right of 
this middle position; unit No. 3 to the left again; unit No. 4 to 
the right; and so on. Thus, by counting from the beginning of 
any rat’s record, it is easy enough to discover in which units his 
errors were made. The potential nearer in value to the middle 




1929] Tolman etal,: A Self-Recording Maze with TabU 107 


was wired with the stem of the unit and the potential farther 
away from the middle was wired with the blind. 
are hand switches with which the experimenter 'may test the 
operation of the voltmeter without actually pressing down the 
corresponding treads in the maze. 

A typical maze record appears on the tape as follows : 


3 ^ 



This tape illustrates how complete a score one may get of the 
rat’s performance. Read the tape from right to left. After the 
preceding rat has turned off the recording device at “Finish,” 
he travels around to L which is a unit wired like blinds 2, 4, 6, ... . 
By the time he reaches L, the tape has stopped running and the 
deflection of L is a straight line, and hence has a different 
appiearance from all other deflections, thus denoting the separa- 
tion mark between the runs of adjacent rats. On the tape shown, 
the double deflection at blind No. 1 denotes a fvZl entrance in 
the blind. When the rat flrst steps into blind No. 1, the floor 
dips into the mercury and the needle deflects. When he goes 
fully in, the floor dips out of one of the mercury cups and the 
needle returns to neutral. On coming out of the unit, the rat 
again depresses the floor and the second deflection occurs. The 
single deflection at blind No. 4 means therefore only a partial 
entrance. All of the short deflections represent “stems” of the 
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successive units as shown. At blind No. 10 is another full 
entrance with a retracing into the stem. The remainder of the 
tape is self-explanatory. Since the tape travels through the 
recorder at a uniform rate, the length of the tape between the 
two ’s’’ is an index of the time of the rat’s run. 


Motivating system for revolving table — 

The rat steps off the last section of the maze upon an end-gate 
and then into its home cage (upper compartment) on the living 



Gear 

Fig. 11. Wiring of motivating system. 

table. As it steps off the gate, thus allowing the latter to swing 
up again, the table begins to revolve very slowly by means of a 
motor and spider which engages pegs on the underside of the 
periphery of the table. (See fig. 13 ; also fig. 8, where a picture of 
the mechanical device is shown.) In this way the table is brought 
into position so that, when the motor stops automatically, the next 
rat is opposite the lower entrance leading to the maze. He enters 
the maze, runs through it, returns in similar manner tO' his 
upper compartment. The table starts again ; and the procedure 
is repeated. 

In order to accomplish all this, certain special features of 
wiring, of relays, and of specially constructed switches were 
necessary. First, the end-gate, over which the rat steps to get 
from the maze onto the table (fig. 14 gives a side view of this 
gate and its connections) . This gate has a double set of mercury 
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hi tin* ri'tiriiijr I'Inst'd posifimi u oimtaet is mn<l<‘ with 
thf mtTi-ury fup F. hi tlu* opi'u posit iim, wliou tht« rut has his 
full wihtrtit upon tin* Katr, a rontaft is iuath> witii tlio cup E. 
Hy means of a relay isis* wiriiijr ilias'ram, tij'. 11, relay No. 1), 
the eomieetion.H are so arratiKeil that a eontaet must he maile first 
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I Op«H Pooltlon 

1*1 I’i 

tthM'h untlfr thior of tuhl**, 

l’*tg H, in niH/o, 

nt H h!m 1 thoti nt F In’t'or** iIm* mottir, whioh ri*valvpH tl»* fublts 
will stnrf. 1‘hiH ih to ?iiiiv that tin* rut ha.s olT tin* jfnte 

mtil tmtti thi» tnlth* brfiuv rh*‘ luhli* ?iturt^ mnviuu^ lt\ upon enth 
tnrt H uloiii*, rhi* tuti|<n Mturt«*il, Hh* nrurnul nuM'ht l«* enu^ht oitlu*r 
not tin tlio fiihio at nil, <»r half <*n ninl half 

Stn^nittl, fh*‘ sprriitl sit’itrli for tin* motor: Tins 

NiWiti’h XH ojirruto*! nnH’hnturuUy hy h sH of nubs uj»on tlm hub 
of tin* Hiintnr, whn*h work in rnm fitshion. Kii^urt* 12 shows thrro 
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successive positions of this switch. In position 1, a contact is 
made through A and B, When the rat has reached his upper 
compartment and has made the required double contact at E 
and then at F, thus closing relays No. 1 and No. 2, the current 
passes through AB and thence to the relay No. 3 (see fig. 11). 
The motor starts and the table begins to turn. As the motor 
continues to turn, the main finger, LB, of the switch is gradually 
pushed to the left (fig. 12) and as a result of the hard rubber 
mounting, E, it gradually pushes the finger C over to the left 
until a contact is also made between C and D, and position 2 is 
reached. Contact is now established through both AjB and CD. But 
CD is wired directly (fig. 11) with the alternating current which 
runs the motor, so that, as long as contact CD continues to be 
made, the motor will continue to be run. Position 3 (fig. 12) is 
next reached, and AB is opened, whereupon there fails the 
activation of relay No. 3, which originally started the motor 
when AB was closed (see fig. 11). The motor, however, con- 
tinues to act because of connection CD, until position 1 is again 
reached, when CD is broken and the motor stops. The table is 
now in position for the next rat. In order that AB may start 
the table again, relay No. 3 has to be again activated through the 
contacts E and F at the end-gate. 

III. SPECIAL EXPERIMENTAL TECHNIQUE 
After the apparatus was constructed, it was necessary to 
^‘fit^’ it, as it were, to the mimals. Some sixty rats were run 
and discarded before a satisfactory experimental technique was 
developed. This technique involved giving a preliminary experi- 
ence, a ‘ ‘ test-breaking’ ’ practice, to the animals. This preliminary 
conditioning was obtained on a path of constant length for all 
animals (see short-cut, P to T, in fig. 4) . The rat was thus gradu- 
ally acquainted with the special features of the maze so that, in 
the maze proper, he would not be upset by them. There was, as 
a result, considerable reduction in the customary ‘ ‘ experimental 
mortality” (i.e., discarding of animals because of their refusal 
to run, an exigency which is such a discouraging feature in most 
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tnumiiijrh Without nuch a proUminary training', it is 
iiouhtful \vhotht*r tho ruts woulii oporato siioh an apparatus 
as this, trivou suoh training, thoy oporntod it with ra[U(lity, and 
ntd inon* than ouo out (d' fifty animals had to ho <lisoardt‘d. 

f^nliminary pnwtilurr 

Tho iirst tiny, tht‘ rat is woiglusl and translVrrod from his 
living ongo, in whioh ho has \wvn with otht*r animals, to his uppor 
oompartmont on tho rovolving tahlo. Ilo is imt givon footl <ni 
this tiny, Tho noxt sovon days aro tiov<dotl to short runs through 
tho |»roliininary short out. This path (ns may l»o soon in tig. 1) 
hogins at “Start/' makos a right, tlion a loft turn, and thon 
follows tho dnshotl lino of tho diagram to its otid whort* a IH0« 
dogroo turn ooours; thou g<«os straight ou into tho uppor ooni' 
partmont This path oontnins movnhlo floors, ourtain.s, ami 
Hutiimntio di’ors as indioatod, <tn days .’l, 4, and 5, tho oxpori- 
montor puts tho rat hy hnmi (two run.s a tiny) through parts of 
this t<ath. Thus, oti tin* sooond day tho rat is introfluootl hy haml 
just fiutsnlo tho ond gato f’Htid'/ and gnos through tfiis door 
into lus uppor oompartmont Tho oud gnto is hold down for him 
on tlwso two trials On tho third <lay tin* proooduro is tho samo 
hut tho ond gat** is up ami tho rat has to manipulnto it himsolf, 
On tho fourth flay, hi’ is put in at lt\ goos to 7\ ami rotrnoos to 
“ Kml", fin tho hoooiuI trip ho is put in at 7' ami goos tf» “ Kml." 
Oil tho fifth flay, ho goos on tho first trip fnim T to /* amt thon 
hnoli tf< “Hmr’; *»n tho Hf’ooml run, hr goos from ft haok to tho 
“Start,” ontors his lowor oompartmont. ami thon roturns tff 
“Kml ” Knun tho si\th tft tho oighih flays ho makos oomploto 
trips thr*»ugh tho ontirf proliminary path, (Hi tho sixith flay tin* 
variffus trapflo«»rs ^ 7‘/0 aro sot tip. Thoso* doors aro tin* samo 
as thffso in tho nin/o Hut up to tho sixth flay tfio ruhhor hamls 
aro shpjfod ffiT thoir rotainiiig iumIs ami lio flat on tho tlcHir sf» 
that tho nnimnlH tmu-oly walk o%*or thorn, On tho sixth day, 
liowovor, IS put up; on tin* sovonth tiny, ?7>,, amt ourtnin, 
(\, aro adtlofl ; on tho oighth flay, 77^^ ami 77^, ami aro 
atlilofl Kaoh tlav fif training has thus introflnood th«* animal to 
now foaturi’H, As a roHidt, thn»ugh all of tho training trials, its 
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\vt*ll as on tlu* ninth day, wbni tb' animal ftmt s 4 :tM*s into tin* umu*^ 
proper, he runs raphlly ami with little upst*t. The iiiiiinals ^ire 
not handled after the fifth training day, exeept unee for weie:h 
in^ on the t‘ighth <tay. 

On the first ami seeomt <lay of runniiijr in the nui;^e |»s Mp*'r, 
because of tht* jjrreat amount of time which the rats take 
expUire tlie varimis alh*ys, taj»e Is usually saved hy tnkitii,f hand 
rtHwds of errors niade. By the third tiny, the time of rMionii^* 
is so nslueetl that the recordin$r device is usinl. In ease, h*4%%?o, **r, 
any rat <lallies thereafter, the experimetiter enti turn or? He* 
reeordinjr tleviee hy usin^ the hand switch, i tin:. 10 * , at hi * 
desk, ami mde the titue with a stiip wateh utdil the nnsnud airaui 
starts runninfr. 

Sinee the rat runs only once a day, the food |dae»o| in Ue* 
e<iinpartinent must, of course, eontain all of tin* nntruie nf 
(ineludiufi^ water) nci'essary t«» ke«*j» hun m n'o***! e»»ndi!j»>fi 
during: the ♦*\pf‘rimental periotl. If it i*4 ilrnired tn hoop th^* i 
at a uidf<»rm wein:ht over tie* exp**rMu«*nfHt period, they mu I* • 
weinrhed daily, and the fomi ren'ulateit aei'oidinn:l> 

This apparatus reipiires hut httle care to k»*op it m 
Two storan:*' batteries are usist, one t** operate tin* relay ii * 01 1 . 
the 4»ther th** reennlini,? neiMlte They wdl earry n mat 10000 
charnre imlefinitely hy uttaehinM' them to a Trickle rhaiy:«r. 
wiiitdt is itself attached to the alternalUit^ eircuit tieea o os dl>, 
the drie<i faeci*s id th** rats Wed^e he! Ween fh** floor of a 
unit and the frame in which it sds, thus preventm^f . mu 

tacts. T<* aviiiil this difllculty, a testmi^ stick has heeii *|ew ied. 
which has a stiff wire affixeil to one end By msertuu^ fhi-i war*- 
throimdi th«* wire nettimr wldeh et»vers the ma/e ututs, fh^' r- L 
ititr fday of each fhior atid the conset|uent makinj^ of 
contHids, may he tested. The reeorduu.f device is started and dl 
of the units are thus systeiuatieally tesle*l l»ef»ire each fay * 
runninir. This testinvr, with the 17 unit ina/e, take* h- ih.m 
half a minute. Th*» imTcury enps stay m jj/oiel efaiihtion r%.r at 
l*‘a.st six months, (hily nhout twuv a year are they ehum^' 1 an I 
snp[die«| with new mercury 
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THE EFFECT OF THE INTRODUCTION OF 
REWARD UPON THE MAZE PERFORMANCE 
OF RATS* 

BY 

HTJOH CARLTOK BLODGETT 


PROBLEM 

The purpose of this investigation was to study the efficiency 
of units of practice when unaccompanied by reward. The 
method devised was that of running two groups of rats through 
the maze: an experimental group which received no reward 
during the first part of learning, but which suddenly had reward 
introduced in the latter part of learning, and a control group 
which received reward throughout the whole of learning. The 
answer to the question as to the efficiency of non-reward units 
of practice was sought in a comparison of the learning curve of 
the experimental group (both before and after the introduction 
of reward) with that of the control group. 

LITERATURE 

Most of tbe previous experimental work on rewards and their 
relation to learning has been concerned with a comparison of the 
effectiveness of different incentives as such. The incentives have 
been sometimes different in quality, as food and escape, and 
sometimes the same in quality, as two kinds of food, or two 
strengths of induction shock. 

* This paper is an abridgment of a report entitled ^ ‘ The Relation of 
Reward to Animal Learning'' submitted in partial fulfillment of the re- 
quirements for the Ph.D. degree in the Department of Psychology of the 
University of California and deposited in the Library of the University of 
California, May, 1925. 
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In addition to the general experiments indicating different 
strengths of reward without much attempt to analyze further 
what really may be involved, there are three experiments or 
parts of experiments strictly germane to our present study. 

Lashley (1918), in a maze experiment upon distribution of 
practice, throws some light upon our problem. There were only 
25 rats in all, divided into four groups : group A was allowed to 
run about in the maze for 20 minutes the day before the first 
run. During training, this group was given reward at the end 
of the run. Group B was a control, run once a day with the 
incentive of food ; Group C was run the same as A but was not 
allowed to correct errors ; and group D was run with the incen- 
tive of food screened in the food box. The quickest learning 
was made by group A, the group which explored the maze for 
20 minutes before the first run. The record of the control 
group, group B, was next best, group C was third, and group D, 
last. 

Sz}.Tnanski (1918) has published a series of articles upon the 
learning of maze habits with various kinds of reward. One of 
his experiments is closely related to our problem. Three rats 
were run through a maze to their home cage in which food had 
been placed. The rats were not hungry. At the end of 61 
trials there "was no reduction in time and error scores. Then the 
condition of experiment was changed so that the rats Avere run 
when they were hungry. They ran the maze perfectly in one 
or two trials. 

Simmons (1924), in an article on relative effectiveness of 
various incentives, ran a group of 10 animals under conditions 
which she designated as delayed incentive. This group was run 
for five days without incentive. At the beginning and the end 
of the sixth trial, the animals were given a taste of food, such 
as was given the control group. In comparing the learning 
curves for this group and the control group, Simmons unfor- 
tunately combined the scores of her rats in groups of five days 
each. It is impossible, therefore, to determine the precise nature 
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<>t tlio clifferenco in the time and ei*roi' scores for the two groups 
imniedintely after the incentive was given to the delayed- 
ineontive group on the sixth day. This can be made clear by 
an analysis of the error curves given in her monograph. 

As will be seen from the curve (fig. 1), the mean number of 
errors during the first five days, for the delayed group, was 
aj)proximately 2S against an apj)roximate 10 for the control 
group. 



0 & 10 Ifi £0 S6 30 36 


Fig. 1. 

Day (I, which is avtTaged with four following days, was with- 
out iiKM’utive. As a result, the second point on the curve is a 
compositi* of the scores of o!u» run which was made before incen- 
tive was introduc(*d at the end of the run, and four runs which 
wen* tnad<* aft(»r incentive had been introd\ui(‘d. Obviously this 
procedure masks any sudden change on the run following the 
first reward. 

Simmons then eompan^d the total number of trials required 
by the eontrol group and by the delayed-incentive group to reach 
th«* learning criterion, the total tiumher of errors for the groups, 
and the total amount of time. She found that the delayed- 
incentive group r(‘(|uir(*d fewer runs but that the error score and 
the time score were greater. This is because the errors and time 
scores nuulc during the first six runs are figured in the total. 
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She then made the same comparisons, leaving out the first five 
runs. Again she found the same results. This time, hovvevor, 
the superiority of the control group, in time and error scoros> 
was less, because only one non-reward run (the sixth) was 
figured in the total. Finally, she compared trials, time, anti 
errors, leaving out of account the first eight runs. In this case 
the delayed-incentive group reached the learning criterion in 
fewer trials, and made fewer errors and shorter times. Tins 
shows that a very marked change in time scores and error scorers 
must have taken place in the delayed-incentive group betvvetni 
the fifth run and the eighth run. And one may assume tliat 
this change took place on the seventh run, after reward had 
given at the end of the sixth run. 

Attention should also be called to the fact that comparisons 
of scores for the latter part of the learning periods ot‘ the con- 
trol group and the delayed-incentive group contain a spurious 
feature, namely, that practice for the two grou[)s is not constant 
because of the much greater number of retracings made by t ht* 
delayed incentive group during the non-reward piunod. An<i 
so the better final scores of the delayed-inceutivt‘ group may lx* 
due to a different practice effect in the first six runs. 


MATERIALS AND METHODS 

Mazes . — Three mazes. A, B, and (\ were used. Oround 
plans are shown in figures 2, 3, and 4. Maze A and maze li ha<l 
ordinary blinds. Maze C was a two-way maze pr{‘S(niti ug 
alternatives a long and a short path to food. 

All three mazes contained a feature not hith(‘rto iisc^d in 
mazes. At each choice point, doors were installed which (*ou!<I 
be closed behind the animal. These doors were hingtal at the 
top and, when open, lay along the top of the alley. Tlu‘y 
vented retracings from one section of the maze to nnotlun*, tlu*y 
were noiseless, and they caused no excitement in tln^ animals. 
Their positions in the mazes are shown by tin* dott(*d lin(*s, I), 
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The value of this feature is fourfold; (1) it reduces the tune 
of the experiment; (2) it standardizes each run by preventing 
the rat from running through the maze several times bet<*ri‘ 
entering the food box; (3) it equalizes practice in different parts 
of the maze; (4) it tends to cause a more symmetrical distribu- 
tion curve of errors for a group of animals. For i*etraeing’ 
tends, as such, to give some unduly large scores. 

It may perhaps be argued that this introductiou of doors 
was unsound because it introduced an artificial limit into tht* 
problem. Every experiment is necessarily artificial. Thus, tor 
example, in the ordinary maze, the experimenter ‘'artificially'’ 
excludes certain " normal’ ' cues as, for example, odors and 
distinguishing tactual factors. All that has been done, in this 
ease, is to restrict our conclusions to types of maze wifudi do u<»t 
allow retraeings. 

A second feature of importance which holds for maz<‘s A aiul 
B is the fact that all the blind alleys in the same maz<‘ have t he 
same dimensions and the same angular relationshii)s to tlu‘ trut» 
path. This is believed to be an improvement over the usual 
maze, in that the error scores (number of entrauees into bliiuls) 
are more definitely scaled. 

The mazes were constructed of wood painted dark brown. 
The walls were 8 inches high and % inch thick. The tops of the 
alleys were covered with i/i inch mesh wire screen. Th(‘ alh^ys 
had no permanent bottom but were placed on a lieavy <if 

linoleum. The wire covers and the linoleum were painted tin* 
same color as the sides. 

Animals . — The rats were of mixed strain, black and wiiite. 
They were raised, four to six in a groui>, hi wire cagc^s TO 14 
inches in a room varying in temperature from 55 to So 
Fahrenheit. They were accustomed to occasional handling at 
feeding time and when their cages were cleaned, and so fhoy 
were not wild. They were approximately three months of a^e 
when the experiment was begun. Tlie number of mah^s anti 
females was nearly even. 
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Food. — Their food during the pre-experimental stage con- 
sisted of a mash of ground barley, bran, and table scraps. Be- 
ginning three days before the experiment and throughout the 
experimental period the animals were fed approximately one- 
tenth their weight of food saturated with water. They were 
given no other water. The food was a mixture of four parts dry 
bread, ground up in fine bits, one part bran, one part sunflower 
seed, and three-fourths part powdered skim milk. 

Scoring. — With mazes A and B, a rat was comited as having 
made one error if it made one (or more) entrances of as much 
as a body’s length (not counting tail) into a blind, while in 
a given segment of the maze. That is, even though the rat 
entered and reentered a given blind before passing to the next 
segment, it was counted as having made only one error. 

In maze C a rat was counted as having made one error 
whenever it took the long path rather than the short path to the 
food box. 

Time was measured by a stopwatch, in seconds from the 
time the rat left the starting box until the door of the food box 
was closed behind it. 


PROCEDURE AND RESULTS 
Maze A : Groups I, II, and III 

Group I. Control. — This group consisted of 36 rats run 
once a day for seven days and allowed to eat for three niinuies 
in the food hox at the end of each run. They were then removed 
to another cage (not the living cage) and allowed to finish tjieir 
day’s ration, after which they were returned to their living- 
cages. 

Group II. Experimental. — This group also consisted of 36 
rats. (They were litter mates of group I. Of each original 
litter, half the number were put in group I, and half in group 
II.) For the first six days, group II found no food in the 
food box and were kept in it without reward for two minutes. 
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They were then removed to another cage (not the liviujr-< 
where they were fed after an interval of approximate! v 
hour. Only then were they returned to their 
For day seven and the two subsequent days they were tr^ 
exactly like group I; that is, they found food in the footl 
for three minutes and finished their day’s ration inuue<U 
afterward in another cage. 



Group III. Experimental . — This group consisted of 25 ; 
Like group II, they began with no rewar<l at the en<l of the n 
But for them such reward was introduced at the tuid of 
third day rather than at the end of the seventh day. 

Figures 5 and 6 present the error c.urvt»s and the time eui 
for each of these three groups. And tables 1 and 2 indi<*at«* 
differences and the reliability of these ditTenmees 
three curves on each successive day. 

Examining the error curves and tables, two points 
1. The experimental groups (II and III), so long as ^ 
were without reward, did very much wo rs(» than the e<u: 
group (I). In fact, the curves for groups 11 aiid III sti: 
almost horizontal until after the day (indicated by the <*r 
when food was introduced. 
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2. On the day after this first reward (i.e., on day 8 for group 
II and on day 4 for group III), errors dropped greatly. And 
on the second day after rew^ard (i.e., on day 9 for group II and 
on day 5 for group III) the curves had dropped almost to the 
level of the curve for the control group. 



Fig. 6. 


Examining the time curves and tables, a similar picture 
appears, save that in the case of time the sudden drops seem to 
have come on the day of the introduction of the reward rather 
than on the day after. It appears, in other words, that, although 
the rats had not yet, on that day, actually experienced the find- 
ing of the food, their times were shortened by the fact of its 
presence in the food box (though their errors, as has been seen, 
were not reduced). The explanation which suggests itself is 
that the odor of the food caused greater general activity and 
hence a shorter running time although it did not cause fewer 
errors. (For the rats had yet to learn just where the food was.) 
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A further question now arises. Do these sudden drops in 
errors which come after the introduction of reward indicate that 
something to be called a latent learning developed during the 
non-reward period — a latent learning which made itself mani- 
fest after the reward had been presented ? Obviously, if this is 
to be answered in the affirmative, one must show that the drops 
which occurred immediately subsequent to the reward were 
larger than “normal,” that is' that they were bigger than drops 
in the control curve. 

TABLE 1 
Meak Errors 






Group II-Group I 

Group Ill-Group I 

Day 

Group I 

Group II 

Group III 

Diff. 

<rDi£f. 

Critical 

ratio 

Diff. 

a Diff. 

Critical 

ratio 

1 

2.97 

2.89 

2.96 

-.08 

.23 

.35 

-.01 

.28 

.04 

2 

2.56 

3.03 

2.64 

.47 

.28 

1.66 

.08 

.30 

.28 

3 

1.58 

2.56 

2.72 

.97 

.28 

3.48 

1.14 

.27 

4.27 

4 

1.03 

2.47 

1.20 

1.44 

.26 

5.62 

.17 

.24 

.71 

5 

1.08 

2.08 

.96 

1.00 

.24 

4.26 

.12 

.30 

.41 

6 

.69 

2.42 

.60 

1.72 

.28 

6.17 

.09 

.20 

.47 

7 

.30 

2.28 

.28 

1.97 

.20 

12.72 

.02 

.13 

.19 

8 


.86 








9 


.25 

















TABLE 2 
Time (Seconds) 






Group II-Group I 

Group Ill-Group I 

Day 

Group I 

Group II 

Group 

III 

Diff. 

a Diff. 

Critical 

ratio 

Diff. 

<rDiff. 

Critical 

ratio 

2 

58.19 

84.58 

57.60 

26.39 

10.42 

2.53 

.59 

7.38 

.08 

3 

27.50 

84.86 

42.60 

57.36 

19.73 

2.91 

15.10 

3.11 

4.86 

4 

21.39 

77.72 

25.44 

56.34 

14.53 

3.88 

4.05 

5.15 

.79 

5 

16.22 

67.64 

23.32 

51.42 

8.54 

6.02 

7.10 

5.07 

1.40 

6 

13.06 

87.22 

12.76 

73.97 

19.20 

3.85 

.30 

1.77 

.17 

7 

9.97 

46.70 

8.84 

36.72 

4.04 

9.09 

1.13 

1.07 

1.06 

8 


12.46 








9 


8.61 
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The first way of checking this was to compare the drops made 
by group II between days 7 and 8 and by group III between 
days 3 and 4 with the largest drop made by group I between 
any two days, which latter (see fig. 5) was obviously between 
days 2 and 3. 

The results of this compax'ison are shown in table 3. 


TABLE 3 
Mean Erkors 



Drop in 
errors 

Difference 
between drop 
and that shown 
in Group I 

o- Differ- 
ence 

Critical 

ratio 

Group I — Days 2-3 

.972 




Group II — Davs 7-8 

1.416 

.444 

.332 

1.338 

Group III — Davs 3-4 

1.520 

.548 

.355 

1.544 


The critical ratio of 1.338 when interpreted in terms of 
probability means that if there were no real difference between 
the drops shown by group II, days 7-8, and that shown by group 
I, days 2-3, a difference between these two drops as large as that 
obtained and shown in the table would occur by chance 904 times 
out of 10,000, or a little less than one-tenth of the time. It there- 
fore seems probable, although not certain, that group II dropped 
more on this day than did group I (control) on the day of its 
greatest drop. 

Similarly, the critical ratio of 1.544, when interpreted in 
terms of probability, means that, if there were no real difference 
between the drop shown by group III, days 3-4, and that shown 
by group I, days 2-3, a difference as large as that shown in the 
table would occur by chance 612 times out of 10,000, or between 
one-fifteenth and one-sixteenth of the time. It again, therefore, 
seems probable, although not certain, that group III dropped 
more on this day than did group I on the day of its greatest drop. 

Taking these two results together, the hypothesis that the 
periods of non-reward in groups II and III really produced 
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latent learning which became manifest when a reward was 
introduced seems well supported. 

A second way, however, of testing the validity of this hypo- 
thesis is suggested. It appears that it might be fair to compare 
the drops in group II and III not with the one biggest actual 
drop made anywhere by group I, but rather with the interpo- 
lated drops made by group I from the levels corresponding to 
those from which the drops in groups II and III begin. In 
order to obtain these, an interpolative procedure was required. 
This (in the case of group II) was as follows: in figure 5 a 
horizontal was drawn to the left from the point on curve II 
corresponding to day 7, until this horizontal intersected curve I. 
A vertical was then dropped from this intersection to the X-axis. 
And a distance was thence measured off to the right, equal to 
the unit of one day. Another vertical was erected from this 
new point until curve I was again intersected, and the vertical 
distance between the two intersections on curve I was taken as 
the demanded drop. A similar procedure was followed with 
respect to group III. 

Finally, however, in order to compare these interpolated 
drops on curve I and the corresponding drops on curves II and 
III, it was found necessary to estimate sigmas for the inter- 
polated drops. The sigmas obtained for the actually measured 
drops on curve I, that is, for the drops between days 1-2, 2-3, 
3-4, 4-5, 5-6, 6-7, were as follows: .237, .239, .247, .228, .190, 
and .187. It would seem, therefore, that to assume a sigma of 
.275 for an interpolated drop is more than fair. 

Comparing, now, the drops in group II, days 7-8, and in 
group III, days 3-4, with the interpolated drops in group I 
corresponding to them, we have the results shown in table 4. 

The critical ratio of 1.497, when interpreted in terms of 
probability, means that, if there were no real difference between 
, the drop shown by group II, days 7-8, and that interpolated on 
the same level in group I, a difference as large as that shown in 
the table would occur by chance 671 times out of 10,000. This 
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again suggests rather strongly that the drop between days 7-8 
in group II is really greater than any corresponding drop in 
group I. It suggests, in short, that the drop between days 7-8 
was evidence of a real latent learning which had already devel- 
oped and was here being brought to light by the introduction of 
the reward. 


TABLE 4 
Meant Errors 



Drop in 
errors 

<r Drop 

Difference 
between drop 
and that of 
Group I 

<r Differ- 
ence 

Critical 

ratio 

Group II — days 7-8 

1.416 

.232 




Group I — interpolated.... 

.877 

.275 

.539 

.360 

1.497 

Group III — days 3-4 

1.520 

.263 




Group I — interpolated.... 

.740 

.275 

.780 

.381 

2.047 


Similarly, the critical ratio, 2.047, when interpreted in terms 
of probability, means that, if there were no real difference 
between the drop shown by group III, days 3-4, and that inter- 
polated at the same level of the curve for group I, a difference 
as large as that shown in the table would occur by chance only 
173 times out of 10,000. This is a very strong indication that 
the drop between days 3-4 was evidence of a true latent learning 
having occurred in group III which was brought to light by the 
introduction of the reward. 


Maze B: Groups I and II 

To make sure that the differences just discussed were not due 
to any differences between the two groups arising from sampling, 
one of our experimental groups and the control group were 
tested in a second maze. 

Thus, 22 rats of group II and 23 rats from group I were, 
subsequent to their practice in maze A, run in maze B. Both 
groups were run once a day and given food for two minutes in 
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the food box at the end of each run. The learning curves are 
shown in figure 7, and are practically identical. We conclude 
that the differences in the groups in maze A were due to the 
experimental condiiions and not to native differences between 
the groups. 



Maze A: Group IV 

Granted that the results so far discussed indicate that groups 
II and III acquired a latent learning during their non-reward 
periods which was made manifest when reward was introduced, 
questions still remain as to the nature of this latent learning. 
Was it the acquisition of mere general familiarity with the 
maze ? Or was it the acquisition of a something more specific ? 
To throw some light on these questions a fourth group of rats 
was run in maze A, viz., group IV. 
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Group I\" ooiisistod of 10 rats. Like ^roup II, they weuT 
run for sevt*n days without r(‘ward aiud then reward was intro- 
dueed. But instead of beiiif? run <lurinf? tlie non-reward period 
in the forward direetion/ tliey were, during this period, run in 
a recerse direction. That is, tluy were started at the food box 
(in this ease empty, of eourse) aiul run to the starting? box, 
where they reeeive<l no reward. On the eighth day, their direc- 
tion was eiianged to the normal one and they were given reward 
in the footl imx, as with group I. The liypothesis was that, if, 
upon being reversed to the normal direction and given reward, 
they tlnm did decidedly better than the control group, it would 
suggest that the latent learning which showed itself in groups 
II and III up<m reward may have beeii no more than a mere 
general familiarity which might hav(‘ been accpured just as well 
through running the nuixe in the haekwar<l dir(‘ction. If, on the 
contrary, tlu»y <li<l not <lo decidiully b(*tt(‘r than the control, 
group 1, when being run in the normal fashi(m, this would 
suggt*st that the Intent learning <teveloped by groups II and III 
was in part at least s<imetliitig more spi^cifie; something which 
couUl be «bn’elo[)e<l <mly by the f<»rward going practice. 

Tal»le r> gives the restdts of comparing <*rrors for group IV 
(when running in the f<irward direction) with those for grouj) I. 
Figure 8 gives the c<irrespon<ling eurvt‘s for group IV and group 
I, and for gr<m[> II t after rewani ha<l be<»n introduced). 
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It would appear that day 2 is the only one on which there 
is any significant superiority of group IV over group I. On 
that day the critical ratio of the dilference in favor of group IV 
is 1.647. This, interpreted in terms of probability, means that, 
if there were no real difference between the groups, a difference 
as great as the one obtained would occur by chance 498 times 
out of 10,000. 

3.0 

2.S 


2.0 

1.5 

1.0 

0.5 

Fig. 8. The point of origin for the abscissae is different for each curve. 
The numeral beside each point indicates the corresponding number of the 
day. 

One is therefore led to conclude that the increased familiarity 
with the maze gained by group IV in running backward prob- 
ably did help to a slight extent on the second day of forw^ard 
running. That is, group IV were somewhat better able than 
group I (probably because less distracted) to make use of their 
first day’s experience in the forward direction. This superiority, 
however, did not persist. The initial advantage of familiarity 
possessed by group IV had disappeared on the third day, w^'hen 
their record was no better than that of group I. 

Compare, now, in figure 8,^ group IV with group II after 
the latter were rewarded. Group IV ran the maze for seven 
days without the ‘‘expectation” of reward in the backward 

1 A comparison in terms of sigmas of the differences and critical ratios 
of the differences indicated in the figure was not presented in the table 
because at the time this final report was written, the original data for 
making such a comparison were no longer available. 
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(liroctiou. (rnnip 11 ran it for seven days without the ‘^expeeta- 
lion’’ of reward in the forward direetion, Comparinjir day 8 
of ^roup IV with day 7 of ^roup II, it seems evident that the 
non-reward forwanl-runninjir is the more helpful." Six days 
of it is more valuable than seven days of baekward-running'. 
Further, not oidy does the non-reward forward-runninj? 
prroup II a deeide<l head-start over ^roup IV (which ha<l had 
only backward n<m-reward running), but it also seems to cause 
them to continue to learn faster. In only two days ^roup II 
accomplished an error elimination which it took p:roup IV six 
<lays to achu*ve. Kvidently the latent learning? which ^roup II 
(lt‘vel(»pcd as a result of their non-reward forwar<l-runninf:: was 
<leci(ledly mtire than the pvncrttl fatniliarifif which jirroup IV 
s(»<‘ms to have ac<|uired fr<»m their non-reward backward-runninjr. 


< ’oNi'UrSKlNS 

1. N<m n‘ward running definitely <levt‘lops a lafoii Intnnoif, 
nrul such latent learnin*^ is made manif<*st wlum nuvard is 
introduc(‘<L 

2. Kurthermort*, it is evitlent that this latent Iearnin>ir is 
somethiujJT more than a ^nnu^ral familiarity such as mi^ht he 
ae<juin*d by backward running throujjrh tin* inazt^. 


Tun TwirWAV Ma/.h 

A further <piesti(jn now arises. <Hv<*ii (his latent l(»arnin<r, 
what are the law.s of its actpiisition 1 Th(»r(‘ is a wtdl-known <loc- 
trine of animal trial and error leariiinjr, vi/., that th<‘ selection 
of the ri^ht path is tuther wholly^ or in lar^i^ part* dependent 
upon a ^U'cater frequency or recency <if «*xercisf» iqmn the correct 
path than ut>on any <»nf* <»f the inc<irn»e( paths. Watson has also 

- Although, as juMt im-utioUi’a, we have net the eritieal nUi<» tor tlie 

tUfT4»ren<*e. 

‘ 'fltis in, itr wan, WatsuiiVn ( UU-I > etmteatieii. 

t This is way iit which Tht»riulike*« ( HU 1) familiar law af ex«*r»'ise 
i.M fref[Ueatty iaterpri'ted. 



130 University of California Publications in PsychoU)(jtt 1 *• 


attempted to show that the situation in the ordinary nui/.t* is 
such as, by chance, to cause the animals to have gnaitm* fi'c- 
quencies and recencies upon the segments of the true path than 
upon the blinds. 

It seemed woi*th w'hile, therefore, to try a <lifT«‘reat type <il' 
maze— a maze, that is, which could not, by the most straimal 
interpretation, be supposed to give, as a result of chanrr, any 
greater exercise on the correct path than ou the ineorreet path. 
Such a maze is maze C (see fig. 4).’ We now turn to the eon- 
ditions and results for maze G. 


Maze G; Gkouus V’ a.n'd VI 


Two groups of rats were run on maze (' as follows; 

Group V. Control . — This group e(msi.ste<l of rats. They 
W’ere run once a day for sixteen days. They W(‘ih‘ allowml to eat 
for two minutes in the food box and were thtui r<‘nutv»>tl to 
another cage (not their living-cages) and allowed to tini.sh their 
day’s ration, after which they were returiusl to tlnnr living 
cages. 


Group VI. Experimental . — This gi'oup consist eil of rats 
(litter mates of those in group V). For tlu- first sixtetui days, 
they found no food in the food box but wer<‘ kept in it without 
reward for two minutes. They were then removed t<. amither 
cage (not the living-cage) w-here they were fed afttn- an interval 
of approximately one hour. Only then were they finally re 
turned to their living-cages. At the end of the sixte<*nth ilay’s 
run and on the runs on the four .sucee.ssive days, fno,! was given 
in the food box in the same manner as with group V. 

For about half the animals in each group, food l«ix 1 on the 
left (see fig. 4) was used. And for the other half, fo.sl ho\ 2 
on the right was msed. This was to eliminate .so far as pt.ssihle 
the effects of odor and tracking. 


which iircH«*nt ultiTfuitivc ctiric.-t 
better than the other) rather tlian a l■^>rrl•^•t imtti aiiil t>lititl 4 
do not, through the laws of cliancc, offer any greiit<‘r frisaieiiev <if t-xerciw 
upon the finally chosen path than upon the finiillv discar.llMl tijltli hat 
previously pointed out by Kuo (1022) and by H„,n„ ,uul ( 1 .,^;“ 
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— When a rat had passed the bifurcation into either 
^>?ter or the longer alley, the trapdoor was closed and he 
‘^x*ed as having chosen either '4ong'’ or short.” His 
^om the starting box to the food box was measured by a 
^t:ch. 



jfo. ci day 

Pig. 9. 


a results, in terms of numbers of ^‘long” choices made by 
:>'Lxp as a whole, are shown in tables 6 and 7 and in figure 9. 
indicate a gradual improvement for the control group but 
. 1 : 1:10 improvement in the experimental group until reward 
ven, and then a very sudden improvement. That is, the 
.1 character of the results obtained vdth maze A were 
txliated. 

rthermore, as table 8 shows, there was very little greater 
of the short path by the experimental group until after 
Avard was introduced. In other words, the latent pro- 
^ of group VI to take the shorter route, which was made 
ist as soon as reward was introduced, was developed in 
0 . 1 “ se of exercise which only slightly (if at all) favored this 
r route. It seems evident that the practice which devel- 
Lalent learning did not achieve this latent learning by 
of the action of selective frequency. 
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TABLE 6 

Improvement op Scores by Group V 


Number 
of run 

Number of 
“long” choices 

Chance 

score 

Difference 

a Difference 

Critiful 

1 

10 

11,5 

1.5 

3. 38 

.44 

2 

13 

11.5 

1.5 

3.38 

.44 

3 

13 

11.5 

1.5 

3.38 

.44 

4 

9 

11.5 

2.5 

3.35 

. 75 

5 

8 

11.5 

3.5 

3.31 

1 . m 

6 

6 

11.5 

5.5 

3.19 

i . 72 

7 

8 

11.5 

3.5 

3.31 

1 . (Hi 

8 

6 

11.5 

5.5 

3.19 

1 . 72 

9 

4 

11.5 

7.5 

3.01 

2.49 

10 

5 

11.5 

6.5 

3.11 

2 ()9 

11 

5 

11.5 

6.5 

3.11 

2 09 

12 

3 

11.5 

8.5 

2.89 

1 2.94 

13 

2 

11.5 

9.5 

2.75 

a 45 

14 

1 

11.5 

10.5 

2.59 

405 

15 

2 

11,5 

9.5 

2.75 

3 45 

16 

1 

11.5 

10.5 

2.59 

4 05 


TABLE 7 

Improvemeint op Scores by Group vr 


Number 
of run 

Number 
of “long” 
choices 

Chance 

score 

Difference 

<r Difference 

('nf teul 
rat Hi 

1 

13 

10.5 

+2.5 

3.20 

.78 

2 

10 

10.5 

- ,5 

3.24 

. 15 

3 

9 

10.5 

-1.5 

3 22 

.40 

4 

13 

10.5 

4-2.5 

3.20 

.78 

5 

11 

10.5 

+ .5 

3.24 

15 

6 

7 

10.5 

-3.5 

3. 15 

1, ll 

7 

8 

10.5 

-2.5 

3.20 

.78 

8 

10 

10.5 

- .5 

3.24 

. 15 

9 

10 

10.5 

- .5 

3.24 

. 15 

10 

14 

10.5 

43,5 

3. 15 

I. U 

11 

9 

10.5 

-1,5 

3.22 

.40 

12 1 

7 

10.5 

-3.5 

3.15 

MI 

13 

9 

10.5 

-1.5 

3.22 

1 .40 

14 

10 

10.5 

4- .5 

3.24 

15 

15 

7 

10.5 

-3.5 

3. 15 

1 ll 

16 

11 

10.5 

4 .5 

3.24 

. 15 

17 

4 

10.5 

46.5 

2.(K) 

2 24 

18 

2 

10.5 

4H.5 

2 (Hi 

3 29 

19 

2 

10.5 

4H.5 

2. (Hi 

3 29 

20 

2 

10.5 

48.5 

2 (Hi 

3 29 
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srMMARY 

1. Hats r\ui inul(*r a non-reward eomiition learned niueh 
more slowly than rats run under a rewurtl eondition. This held 
tor hc^th errors aiul time. 

l!. Hats [»revi<msly run undtu* a non-reward eondition, when 
suddenly rewarded made a jrreat improvtmient. On the first day 
after the introdueti<m of the reward tludr drop in tnt‘an error 
was greater tlian that made by the e<inlr(d group on any single 
<lay. 

3. This faet st*ems iu indieate that, during the noii-reward 
p(*riod, the rats wen* develo[»ing a latent h‘arning of tlu* maze 
whieh they wen* able to tdili'/e as soon as reward was introdueed. 

4. This la.tent learning, howev<*r, was something more than 
a general fairdliarity with the maze stieh as tnight !)(* ae(piired 
by running through it in a baekward direetion. For a group of 
rats run tlinmgh ba<’kward under imn rewanl e(mditi<ins did not 
show any stu*h imprtivement when rtin thr(»ugh in tlu* forwanl 
din‘etion ami revvardetl. 

T). It was demonstrated by th** use of tlu* two path mazt* that 
the latent b»arning whieh was develo(M*d under rum-rewanl eou- 
ditions and was made manifest as soon as rt‘ward was ititnalueed 
was tuU the result *»f any very eotisistently great«*r fre(pieney <if 
the e(>rreet t»ver the ine<»rreet path <luriug the non-rewanl period. 
It n*sulted, that is, frotn a non n‘Ward (uaiefiee whieh ravor(*d, 
almost equally, both the “ineorreet” and the *'e(»rn*(*t” path. 
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hitnulartiiiri 
The I Problem 

Appiinitus nrul M<*tlu»d i:\{\ 

I'Ix|H*riuu*ntH anti UcmiltH i:{t) 

Sunuiuiry ami ( ’utirlusititi MT 

TnltlcH I jt) 


lNTU<)I)r<TI(K\’ 

III a prolituiunry study in tlisprimination td* iiin/.t* pat torus, 
tin* writt*r’ found that tin* rat was ahlt» to tUsoriminnto two maz<* 
patttu'us, auil pivff‘rrod a pouta)4:on to an P({uilatoral triani^rlo <d* 
t‘t|unl lotiK'th. Why tin* rat <lid so i.s tlu* n<‘xt (pn‘stion t<» ho 
nnswonsl, Tlio [irosont study was undi»rtakt‘n in ordt‘r to find 
an answor. 

Tin*: PuuiiUKM 

In ontor to find out why tin* rat pror<»rml tin* ptuita^on to 
tin* trianirh* a furthor tpiostion sn}^:«:i*strtl itsolf. What pattorns 
other than an irn*|4:ular pontaixon will tin* rat dispriininato From 
ami prefer tt» an ♦‘(piilntond trianarh* of tin* saan* lenj^th / Tin* 
following: t*xperinn*ntH iitti*nipt an answer to this latter (pn*stion. 

* Thi?t pHpt*r wzt?t li'iol ut tin* nnnuitl tm’otinjf of tin* Wontorn 

Pjtyrlmloj^irzU Aii^oriut ittu nt Htunftird t^nivorHity in AuwfUHt, PejM. Pur 
ina Ho* ojsporiiiit*ntj« vnlunftU* rritieimit iin*l «uai(<*«tionrt \v«*rt* rtn*t*iv«*cl 
from Profojotor K. (*, T<iimnn ami Priifoa^tir Warner Hr<ivvn. Prof<*HH<ir 
U. M. Stiatton kimlly jo«?»i34ti*tl in the preparation of the mnnUHeript. Tt» 
uU these the writ or expresses his aiuiteful zippreeiiition. 

'J*l, < 1 . Vtishioka, Preliminary Stinly in Uim’rimination «»f Mn/.e 

Patterns hy the Hat," r«ir. (*nUf, Puhl^ Paiirhnt.^ vot. 4 (UejS)*! is. 
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APPARATUS AND METHOD 
Maze 

The same maze as in the preliminary study (op. cit., p. 4, 
fig*. 1) was used with modifications. Because any pair of paths 
offered for choice should be of equal length, the possible modifi- 
cations were limited. The patterns shown in figures 1-7, however, 
fulfilled this requirement : an equilateral triangle ; an irregular 
pentagon formed by joining the three midpoints of the three sides 
of the triangle (it stands on the same base as the triangle, and is 
composed of two equal equilateral triangles of one-fourth of the 
area) ; an irregular nonagon formed by joining consecutively the 
six midpoints of three sides of each of the two equilateral tri- 
angles forming the pentagon (it stands on the same base as the 
triangle, and is composed of four equal equilateral triangles of 
one-eighth of the area) ; an irregular heptadecagon formed by 
joining consecutively the twelve midpoints of three sides of 
each of the four equilateral triangles forming the nonagon (it 
stands on the same base as the triangle, and is composed of 
eight equal triangles of one-sixteenth of the area) ; an irregu- 
lar pentagon No. 2 formed by cutting a little notch, 10 inches 
deep, at one vertex of the triangle. In each pair a more com- 
plicated path is inscribed within a simpler one, and the begin- 
ning of the inscribed path lies on the right side. As in the 
case of the pentagon in the preliminary study, the inscribed 
paths, having more turns, tended to be shorter because each 
turn in the inside path saved the distance of eight inches for the 
rat, that is, the width of two paths. To minimize this shortening, 
the- turning points of the inscribed paths (midpoints of the 
sides), as before, were shifted far enough toward the apex to 
lengthen the inside paths to match the outer ones. 
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Expeeimental Procedure 

The procedure was that followed in the preliminary study 
except that in the choice series the daily-practice-method was 
exclusively used. In the preliminary period the rats were given 
forced running through each of the two paths alternately three 
times daily for four days. Each path was thus run twelve times. 
After this preliminary training each rat was given free choice of 
the two paths six times daily for ten days ; that is, sixty choices 
in all, by the daily-practice-method. This latter method (see the 
preliminary study) consisted in forcing the rat through each 
path once just before the daily free choice schedule. In the pre- 
liminary study this method was found to be a superior one to 
bring out true discriminatory propensities. The short forced 
daily exercise seemed to remind the rats of the characteristics of 
the two paths, and thus helped them to discriminate between 
them. The scores were the frequencies of the choices of each 
path within the total choices of sixty. 

The experiment was carried out in the academic year of 
1927-1928 in the Psychological Laboratory at the University of 
California. The rats were descendants from the stock of the 
"Wistar Institute, reared in the laboratory or in the department 
of anatomy. At the beginning of the experiment they were five 
to six months old. Only male rats were used. Nine experiments 
were carried out, each experiment using thirty rats, except 
experiment VIII, in which 157 rats were used. The experi- 
ments I-VII required a new group of thirty each; the group 
of thirty used in experiment I was later incorporated in the 
group of 157 in experiment VIII; a group of thirty used in 
experiment IX was selected from 157 in experiment VIII. The 
total number of the rats used was 237. 
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EXPERIMENTS AND RESULTS 
Experiment I : Three versus Three Sides 

In looking over the results of the preliminary study one 
observes that the preferred path, the pentagon, begins on the 
right side. Perhaps in the majority of rats a mere position-habit 
of going toward the right may have resulted in the preference 
for the pentagon as shown by the group means. To allay this 
reasonable suspicion experiment I was carried out. In it the 
two paths offered for choice were parallel equilateral triangles, 
one running alongside the other all the way through (fig. 1). 
Theoretically there should be no discrimination ,* each path should 
by chance be taken just as often as the other. This prediction 
was verified. The mean frequency of the choice by thirty rats 
of the right triangular path in sixty choices for each was found 
to be 29.13 dz 2.57 (table 1). It is a close approximation to the 
theoretical mean of thirty. The reliability coefficient obtained 
by correlating the odd days with the even days was .95 f that 
obtained by correlating the first half of the days with the second 
half of the days was .77. Within the first and last halves thp 
coefficients were .89 and .93, respectively, by the odd’-y^.-even 
method. The intercorrelations were fairly high throughout. 

Where there was no difference in pattern and length between 
the two paths, the rats, considering the group as a whole, failed 
to discriminate them. Hence the preference for the pentagon 
shown in the preliminary study could not have been due to a 
mere position habit of going toward, the right. 

3 This reliability coefficient and others that will he cited hereafter are 
the corrected coefficients by Brown's formula. The reliability coefficients 
are given in full in table 2 ; the intercorrelations in table 3. No further 
reference to these will be made except where an argument needs their 
support. 
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Exi*ekiment 11: TiiUKK vKust’s Kivr. Snn:s 

Another thing that one notes, in analyzing the two pattt*rns 
(triangle and pentagon) in the preliminary stutly, is the posi- 
tions of the first turns of the two paths. As shown in the figure 
of the maze, the two paths start parallel otu* to tin* <»ther, and 
the pentagon diven-ges from the triangle at the mi<lpoitit tif the 
first side (side a). Hence in tracking the petitagonnl path n rat 
makes the first turn directed toward the ftwal box hntf n side 
sooner than it does when it follows the triangular path. Thin 
“quicker’’ orientation may have enteretl itito the prefenuiee for 
the pentagon. If so, a shift of tlu^ pc^sithun this diverging 
point of the pentagon should influenee the prtd'erenee. 

In this experiment the diverging p<unt the pentagon from 
the triangle was placed on the sec<»n<I side, that is, farther away 
from the starting box (fig. 2). Trider this eondition the rats had 
to run along a side and a half before the pentagtui divt*rges fnun 
the triangle, and so if the divergitig point had something to dti 
with the choice, it would presumably la* more difiletdt to tlis 
criminate such a ])entagon from the triangle. Tln^ result showed 
that the mean tre(|uency of the choice of tin* pentagon by thirty 
rats in the total (dioices of sixty for each was 'MMl * The 

difference between this imum ami the theonuiral mean uf :i(i 
3.87 is 6.36, 1.41 times the sigma <»f the ditriTi •iit'c, rt fnirly sijfjiiH 
cant differencp in favor of tho penta^'on (faltio I i. (’otijjinwl 
with the results in the preliminary stiuly the eritieal ratio 
dropped. lienee in di.seriminatinfr (he pentntfon from the tri 
an{-le the rats seem to have depended upon the posit iiin of the 
first diverf'inK' point of the pentaf{<m. Hut is this point the 
only cue? If so, a shift of this diver^jing; point shotdd result in 
a correspondintr ehanf-e in the dejrree (tf prefere«.-e, even when 
the pattern is modified. In other words, the diserimiiiation so 
far observed is more a function of the divertfinu' point than n 
function of the pattern jw a whole. The next experiment is a 
test of the point ,iust raised. 
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Experiment III : Three versus Nine Sides 

The rats in this experiment were made to choose between the 
the triangle and the nonagon. The first diverging point of the 
nonagon (fig. 3) is located on the second side of the triangle, one 
quarter of the length of a side closer to the starting box than 
that of the pentagon, and the number of turns in the nonagon is 
twice as many as in the pentagon. If the first diverging point 
of the complex pattern is the only determining factor for the 
choice of the latter, the nonagon in this case would be preferred 
to the triangle to a greater degree than the pentagon. The result 
showed that the mean frequency of the choice of the nonagon by 
thirty rats in the total choices of sixty for each was 37.67 ±: 2.60, 
7.67 above the theoretical mean of thirty (table 1). The differ- 
ence is 1.64 times the sigma of the difference. 

Between the two critical ratios, 1.41 and 1.64 in experiments 
II and III, respectively, there is no significant difference. In other 
words, the nonagon was no more preferred to the triangle than 
the pentagon to the triangle. The first diverging point of the 
nonagon, however, was one-quarter of the length of a side of the 
triangle closer to the starting box than that of the pentagon. 
Perhaps the shift of the diverging point was not large enough to 
result in a greater difference in preference in these two cases, or 
else the two patterns, the pentagon and the nonagon, are too 
complex for the rats to discriminate one from the other. The 
next experiment is a test of the second hypothesis. 


Experiment IV : Five versus Nine Sides 

The rats were made to choose between the pentagon and the 
nonagon (fig. 4). It is found that the mean frequency of the 
choice of the nonagon by thirty rats in the total choices of sixty 
for each was 30.33 ± 2.89 (table 1). This much might be 
expected by chance. 
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Tlie rats failed in discriminatinn hetuven the pf*nta^^nn arul 
the nonagon. This failure puints tuwanl the t‘xisteni*e nf a thres. 
hold in discrimination of maze patterns. An iuerease in eetii» 
plexity in patterns bey<md a certain p(»iiit results in tailur** id 
discrimination. To be sure of this .stattumuit and also to see fh»‘ 
effect of a ^‘eater shift of the diveririiifr ptnnt. the next expert 
nient was carried out, in which a more complex pattern wit It tJte 
diverginjx point closer to the start injr box was offered for (dioiee. 

Expekimkxt V: TiiaKn vnasrs Si:vi:NTt:ns Stni:;s 

The rats were allowed to choose between the triansrh* and the 
heptadeca^ron (ti^. a). From the results of ftie foretroitij^: ♦‘Xpert 
nientswe should expect that the heptadecavron would hi* preferreil 
to the triangle, but no more than the pentat^on aral the nonairoti 
were preferred t<» the trianj^Ic. Tlu* result sh<*we<l tlmt th** mean 
frequency of the choice of the heptadecatcon by thirty rats iit the 
total choices of sixty for (‘mdi was .’M.ltt » « table l *. I Mt 

above the theoretical mean of thirty. The dilTerenee is ttme', 
the sif>:ma of tlie diffenuK'e, a liarcly si^^niftentd ditferenee, 

The rats did not i)refer the heptadeea«:on to the trian^de 
much as the [)enta^on or tlu* nona^on, altlioin^^h tli** first dixen? 
iiifr point of the heptadecajifon is much <d<»ser to the startiiu^' box, 
This result excludes the hy{)otlu‘sis that tlu* tirst divt‘rj'iniM: pomt 
is the only cue, by which the discrimination is made. As shown 
in experiment II it has some influence in the choice, but is not the 
only factor that determin(*s the choice. The drop in preferene** 
in this experiment needs some explanation. From the results 
of the fore^»:oinj>: exp<‘riments the rats would have been expeeted 
to prefer the heptad(‘ea^nm to the trian^de as frequeiitlx as, if 
not more often than, they ehost* the pi*ntajunui and th** nonatron 
Why the. heptadeea^on was not preferred as inneh as these last 
two fij>uros may he due to the followintJr reasons; In runnimf 
throu^i^h the heptadee.aj>:on the rats hml to turn sixteen time'^ in 
quick succession because all hut one of the sides iif the tiuure 
were very much reduced in length. This zig /ag passage atinoyed 
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the rats a ^n^at tU‘al ; especially when they put on some speed. 
Often tlu\v huniptHl their noses ajyainst the wall at the turninf^ 
because their effort to eh^ar one turning: eom])elle<l them to dash 
forward and carried tluun on too (dose to the next turninj^c to 
mak(‘ anotlun* sueet'ssful twistin«j:. In the training period it took 
thref‘ times as lonjJT to make them jxo through the heptadeea^jjon 
as to for(*e them through the triaufrle. This motor dilTicndty may 
have dtK*reas(‘d in part the preFeretu*e for the heptadecaji^on. 

In (‘omparinjr the two critical ratios, 0.1)7 in this ('xperiment 
and 1.41 in (‘X[H‘riment II (3- i\s\ o-side discrimination), there is 
no sipiiftcant diff(*rcticc. Henc(* between the pentagon atid the 
heptadecapui we should exptud little or no preference. The next 
ex[)crimt*nt tt‘stt‘d this expectation. 

KxnKUIMUNT VI: KiVl-: VUHSirs ShVKNTKUN StDKS 

Th(* rats were math* to choose between the penta^iron and the 
heptadeca^tui (tijr. iW. It warn found that tlu' mean fnHpunu'.y of 
the choice (d* tlie heptadtsoi^on by thirty rats in the total (dioit*es 
(»f sixty f(»r each was 32.13 » 2.00 (table 1), 2.13 above the 
tlH*oretical mean of 30. The diffenmce is (uily 0.4(! times the 
si^Mua of tlie differenct‘; it is not sij^nificant. 

Summari/.irijj: tin* results .so far: the rat prefers in general a 
more complicated pattern (o a simpler out*, but there stsmis to b(‘ 
a thrt*shoId in the complexity of pattern to la* prefernsl. Why 
this is so is still a mystery. As we |^o from the trianfrlt^ to 
the heptadecajj:on, the bdlowina: geometrical relationships hold: 
the number of Mi(b‘s ami an^rles increast* proportionally to the 
.s(*ri(‘s (2“ 11); the area (lecrea.s(*H proport iotially to the series 
( VV)” ; the first (liv(*r^iti^ point of the more ccnnpI(‘X fiKiir(‘s <*omes 
clo.S(‘r to the .startinK" hox, proportional to th(‘ series the 

sides of the p(dy^nm.s -except th<» base, which nmiains cmnstant — 
decrtmse proport i(uially to the series (^ 2 )“* Tlm.se relationshii)s 
an* .shown iti the following table, nionji: with the critical ratios 
obtained in the discrimination of each of thc.s(* flg'urcs from tin* 
triangle. 
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r.M>MI' 7 I!EU'‘AI> EEUATIOXSHIP IN THE l*A‘n’l’' 1 tVS 


Pattern 

TrituiicU* 

IVuta«t>ti 

Numhar of sides and angles 

124-1==3 

44* 1 ^ n 

Area 

A* 

A 

o" 

Sides—except the base 

at 

a 

2 

Distance of sectaid turn from 
start 

at(i+n 

aU + * -i' 

Critical ratios in comparison with tri-| 
angle ; ! 

1.41 


S4'i^r ii I UH 1 a: 
A ; A 

4 I s 

n ■ i\ 

i 

4 j H 

ni I j I f * V 

I ni 0 ‘»r 


A*: 


U‘ rtin (Kf 



whert* af-n .Midi* tif tlu» triungb'. 


TIksso patterns aiv n»lata<l jir<*<»»u*trit*ally <nu* t<* ah<«tlMT in a 
(lofinita or(l(*r, hut tho t*ritical rati<».s stu»w nn dffmit** vanataui 
If tlu‘ (liscrinuriation depoinlud mainly up<»n snim* simpli* s»*nM>n 
pr(K'(*.sst*s, tho <‘riti<*al rati<»s \v<niltl ha ax[a»ata<t tu \arv 
ra^ularly. If th(*y should incraasa <»r dtM*n»asa in an arithna-riaai 
sarias, Wahar’s law would h<d<l hara sinaa tlia pattarns an* ndaff-d 
ona to anothar in jxnonadriaai sarias. 

In tin* forafroinjJT axp<»rimants it is notad that tha nnnaj^**n ua.^ 
disariininattsl from tha trianj^la. hut not frotu tha pantai^oin, th.*- 
hapta<Iaaa|4:on was <lisariniinatad fnun tin* trianvrh\ hut not frum 
tha pantairon. In short, tha rats disariminatatl tha triatujrio fnon 
tha othar fijruras, hut did not disarimitiatt* th»*st* thrao fri»m on** 
anothar. This arialysis indiaatas that a thrashohl in iiis»*rumna 
tion of maza patt<Tns by tha rat lias siunawhara Jiaftta»*n rio* 
triaujjrh* and tha panta^ron umlar cmr axparinouital aondif 
and an inaraasa in mara aomplaxity of physical ahuiouifH m 
pnttarns failad to stiniulnta tha rat pn»p<irtionally. In ord#-r t- 
saa what inaza patfarns othar than tlntsa wltiah an* aomph’X ilo* 
rat can disariminata from tha triantrla t!ta fidloum^r f*\p»*rina-nt 
was aarriad out. 
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Exi*kuimhnt VII : Thukk vKiisuK Fivk No. 2 

The pt^ntnKoii No. 2 was forme<l by (nittinj^r a little noteb, ton 
inohos <loop, at one vortoK (fijr. 7). This pontii^jcon diffoi*s very 
sli<rhtly froru t!io trianjjrlo. Kxoopt the little twist at the notch, 
the path lies pnralh‘l to the trianjrle all the way through. The 
rats wen» jjriven the choice In'tween this pentagon No. 2 ami the 
trian^h'. It was foiuul that the mean rre((uency of the choice of 
the penta^tm by thirty rats in the total choices of sixty for 
each was 25,12 * 2.flS (table U, 5.12 above the theoretical mean 
of 20, 'Phe <litT«‘n‘nct^ is 1.00 times tln^ sipfiua of the difTerence. 
In comparirijr this with tin* preference sliown for the^first pcnta- 
jjfon, the criti<*al ratio fell from 1.41 t<» 1,00, but 1.00 is y(*t a 
tolerably sijrnitlciint ditTereni*e. 

In this situation the cues in the tw<» paths, triangular and 
pentajronal, differ the least; and yet tin* rats were ahh* to dis- 
criminate hetwet*ti tin* tw(». This result invites a more critical 
St inly in the .same situation. So far the variability in pt‘rrorm- 
nnet* has bemi controlled statistically, that is, each ^roup <lis- 
criminatim.r any pair of patterns luul a numlH*r id’ cases such 
that the ^n’fuip nn*ans were relntiv<*ly stable and dependable, 
altlnuuch within the j^rroups the indivi<luals diff(»re<l widely in 
tln»ir ehoiees. Arnl tin* j^rcmp means obtained Hh<nv<‘d (M*rtain 
consistenci<*s as to the power ami limitation in discrimination. 
Hut in order to explain such consistejich‘H, and to discover the 
causal factoi*s that t‘nahh‘d tin* rats to tliscriminate and prt‘f<*r, 
an expcrinn»ntal ctmtrol <d' variability in performance is of 
utmost imp<»rtan<*e. Tin* next two experiments were made w'ith 
this p<»int in mind. 

KxrKinMK\T.s VIIl \su IX: Thukk vnusrs Fivn No. 2, wnur a 
Si>:nt* (’oNTKonnnn (btoiu* 

In experiment I, thirty rats were f^iven clioim* between two 
practiimlly identical trianjrles. arnl as was expected, they failed 
to discriminate between the tw<». The individual reeords show, 
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however, that some rats chose the path on the right consistently, 
while others chose the path on the left consistently, and only six 
chose one path as often as the other ; so that in sixty choices they 
scored nearly thirty on each path. There were, however, as many 
that chose the right as the left, thus making the group mean close 
to the theoretical mean of thirty. In experiment VIII the orig- 
inal group of thirty rats was expanded to 157. These rats chose 
between the two triangular paths just as in experiment I (fig. 1). 
The mean frequency of the choice of the right-hand path by this 
large group was 33.05, which is within the standard error of the 
theoretical mean of thirty (table 1). As far as the numerical 
values of the means, reliability coefficients, and intercorrelations 
are concerned, there is a very little difference between the first 
group of thirty and the expanded group of 157. This shows that 
what is true for thirty holds equally well for 157, and proves that 
the original group of thirty was a random sampling as far as the 
discrimination in patterns is conceived. 

In experiment IX (a) the individual records of the 157 rats 
were examined, and the rats whose gross scores fell within the 
standard error of the theoretical mean of thirty (i.e., from 26 
to 34) were selected, and their scores were retabulated. There 
were thirty of these. It was found that the mean frequency of 
the choice of the right-hand path by these thirty in the total 
choices of sixty for each was 30.27 ±: 0.49 (table 1). The 
reliability coefficient by the half-t;5.-half method was — .88 ; the 
same by the odd-t?5.-even method, — .63. Within the first and last 
halves the coefficients were .50 and .53 respectively by the odd-i;^.- 
even method. These results show that those scoring high in the 
first half scored low in the last half, or the low scorers in the first 
half scored high in the last half. Between the scores on the odd 
days and on the even days, the same reverse relation holds. 
But within each half the scores on the odd days are correlated 
positively with the scores on the even days. The coefficients are, 
however, in the neighborhood of .50. These correlations consid- 
ered together indicate relatively unstable performance through- 
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<uit. Thf iiitort*<)rrelati(»iis show a similar instability. The 
(liapmals are not etvrrelated ; the initial days tend to be ne^a- 
tivt‘ly eorreiattnl with the final days. These low eorrelations are 
ex[><*eted, sinet» the rats wt*rt* stdeettMl on the basisof ehanee seores. 

In experinit»nt IX {h) tln^se thirty seleeted rats were made to 
ehoose betwetm the trianjrle and the pentajrtni No. 2 (fifjr, 7). They 
w<*re ijriven trainin*^ in <‘aeh path as usual before the ehoiee series. 
The r«‘sult sh<»\vt*d that the nuuin frecpieney of the ehoiee of the 
pentai^on No. 11 by thest* thirty in the total ehoiees of sixty for 
<*aeh was .'tb.oO ^ *J.t4 (table \), The reliability eot‘ftieient by 
the half e.s. half method was .92; the same by the odd-e.v.-even 
method. ,97. Within ttu' first and last halvtss the eoeftieients 
wen* .tn and .!♦“» respoetivoly. The hij^rh ndiability is further 
attesteil by the hii'li inti*n*orn*lations. In eontrast to what they 
di<l in (he firf*eotliii*jr I'Kperiment the rats showed a, V(‘ry hi|jrhly 
stable beliavior in this t*\periun*nt, Tht* eorrelation lietween the 
(wo s*‘rit*s of imlivifltial s<Mires was as h»w as .19. 

t’emparinu tin* tw<> mt*ans in ia) ami (h) we fiml (hat. when 
the rii^ht haUfl path was the triarmde (i.e., the same as tin* alti'n 
nate ii*ft patli>, (be rats ehose this .‘td. 27 times out (d* 90, but when 
it was ehamreii t<» the pentm^on, tiny ehost* this 29. nO tim(‘s out 
of 90. 'file ditferener lietWeeU these (W'o means is Idyrllly si^riiiti, 
eant, the eritii’al ratio beinj^: ns hij^rh as 4.10. This hijjrh diserimi- 
nation attd prererene4» shown hy thesedf (’ont rolled jrroiiji strongly 
supp<»rts the former eomdtisi(»n that the rat ean tlistu’iminate 
ma/«* pattt'rns, atid indii'ati’s that the evidence pn*sent4*d to snp- 
p<»rt this eorn'Iusinii was nut itiie to the atvidental sehsdion of the 
partii'tdar j^nuip. 


St MMAUY AND (’DNCLDSlOX 

1. The rat iliseriminnted the pentagon fnmi the trianj«:le and 
preff-rred the pentagon. 

2. The rat ^liseriminati^l the mmajjr<m from the trian^fle and 
pn^ferrtsl the nonai^^m. Imt tin* preference shown l<»r the nonaK<*ti 
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was not any greater than tho pn^tVroiu*^ shown for tlir ponta^ror 
The rat fiiiled to discriminate between the pt*nta^tni and norui^^or 

3. The rat discriminated the he|>tudtH‘ag<ni from the trian^I 
and preferred the heptadeeajyon, hut tlu‘ prtd*t*rene<‘ shown f** 
heptadeca^on was not any greater than the prefenuiet* shtnvn in 
the pentaj^on. The rat failed to diseriiuinate betwt^eu the peii 
tag-on and the heptadeeagon. 

4. A threshold in discrimination of maze patterns ttsed in th 
present experiment seems to lie between tin* triangle ntnl th 
pentagon. The patterns more complex than tin* peritngon t*oiit< 
not lx‘ discriminated from one anotluT. 

5. The rat discriminated the triangle from tin* pentagnn Xu. i 
which was formed by cutting a little nt»t<*h at tuie vertex of th 
triangle, 

6. The possibility of the elioiee of the paths by a nn*r 
position-habit was excluded by: (a) a group of thirty rats am 
also another of loT which faihsl to show preft»renee for the rigli 
or left path when both were identical in patt**rn ; ami ih . the rn 
chose the nonagon when it was lying <in tin* right side ni jb 
triangle, but did not choose it when it was on tin* right side o 
the pentagon. The hei)tadeeagon on the right side of tin* ttuangl 
was chosen, but the same pattern on the right shb* of tin* pentagi*! 
was not cliosen. 


/. It is cioncliuled that the rat prt‘fers in gem*rnt a iimre com 
plex pattern to a simple one within the limits of discriminnhiUty. 

4 answer to tho quostiem why tho nU sttowrU the orefereure roio*- 
in thoHo oxporimentH is not romly. Tw«. pMSHttalirtei, h.ov. vrr ire im,* 
mdoroa at presont, (1) Oriontution; the eumple, puttera^ ^ee,,/ m loo a 
tho rat more dirootly hark to the fMml Im.x; that the ...tuvU t 
aro so(*nnngiy tht* oasiost urnl tho mont UiriMS mute to r.ma, 4 c , 
cues; tiio ooinplox pattorns that require mnre .Umeun muter miju.tmen 
m or<lor to go through thorn, may gU*. the rat mure eiu n f*. 

the paths l»y. A furth«‘r experiment hearing upuu the**** p*oafn in tmUr 
wa V, 
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TabIjE 3 — {Continued) 
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Stf4t i«t ir.H t»f tht' t 'orrohit 10*1 nii'lhotl 181 
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Tlin’Mholil IHii 


STATKMKNT OF PltOHLKM 

Tho lO’OM’iit r**H<»Hroh is nn iittrmpt to verify Wohor’s haw 
in tho {iiNoriinination of iuh/,o dintnin'r by tin* whita rat, nnct 
tri«»s to niiHWiT tbo follow inar <ito*ati<*n : I)o<*.s tin* rt»lntivr ilrjrror 
of <li.st*rimination iif tumv dlstanoo by tin* whit<» rat rrmniii 
ron.stniit with t*hnti8:o>i <»f nlmohito lon^rth of path? Or, morv 
spooiflrnlly : Oivon n bmix path I* and a hhort path N. whonr 
ditTaronro i*i looKth in do«»H tin* numb«*r of tin* choifaH of 
tin* short path rnnain tin* samo whon bt»th tin* loiiK ond short 
paths an* d<iubbnl in b*n>rth with a ronsiapirnt iloublinjr of thrir 
dith’rrnor / 

* This pHprr is un attri«ia««mt*fit **( » fhi'sis sutimithnl to tho Po|mrtmoitt 
of t*i*u‘h»*lotj4 , l^nivi’rstty of ('utifortun, in«0, in pitftial fulOHmont of tin* 

“f PiM’tor of Philostiplty. I’optos of iho oriatufd thoftis urr on tih* 
nt tho t'luvorsity fahrnry antt tho Popnrtmont of J*>iyt’hology. Profo««or 
K, <*, T<»hiMin «»por%t«o«l tho o%pt*rimr»tt throuKhout. Profosnor Wnrnor 
Hrown ifior iunn> holpftil MU)«;^yvst tonn. To tho HtHtistirnl tri^Htnu^nt, Ur. 
ItaymonO PrH*t/.*’« nn*l Ur. U<»rothy Nynwiinttor a**^**^ murh timt» lonl 
thiOiaht, To nil of thoso, th«^ wr»tor wtslo's to onprosn hiit grout iinlohtotl 
noss nn*l upproointitm, 

* /» S ft, Aftor tloohling, «/» «</. 
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m«T()!{U’AL 

Animal psyeliopliysics has litth* <ir no history, hut a hrii-f 
survey of the literature that le<l, dirertly or iiulireetly. to tiie 
inception of the present proldem will he timely. 

Yerkes (1907) tried to verify Welter’s Law in vision in 
a dancing mouse. Oidy oiu' daneer was u.sed. The apparatus 
was the Yerkes discrimination hox, who.se alleys wtuv lisfhtftl 
differentially by reflected light. The rat was taught to ehoose 
the alley lighted by the variable lig'ht. The elmiee of the alley 
lighted by the standanl light brought with it an eleelrie shock. 
The criterion of learning was 7.') per cent or more «if eorretU 
choices. Fifty or one hundred trials were given in a single 
sitting. Yerkes .showed that under these experimental eouditioii', 
the dancer was able to dLscriminate dilTerenee of light inteiisitii"., 
of 10 per cent, or, more .specifically, the differenees hetweiui .■'U 
and 72 hefners, 20 ami IK hefners. and b ami l..’» Ind’iters, 
Yerkes concluded that Weber’s Law prohahly holds. With only 
one subject and with .some ineonsisteneies in the residts. a 
stronger as.sertion could not justifiably he made. 

Watson (190/) found that tiu* rat /lepends maiidy upon 
kinaesthetic sensations in maze-learidng. The deprivation of 
olfactory, tactual, visual, and auditory sen.ses <lid mu appreei 
ably deerea.se the rat’s learning ability for a Hamilton < 'ourt 
maze. Although Vincent (1915//. 191.')/i. Dl.Vi. t’arr (l‘H7//, 
1917&, 1917/!), and Richardson (1921) later prove,! th/it the 
rat could use other sensory cues to a/lvautage in a maze Mihition, 
Watson’s conclusion could by no means h.> etitirely overthrown. 
H kinaesthesis is the main .sen.s(‘ upon which the rat d*-pends 

m finding its way in a maze, then distance wotd<l he jin impor 
tant factor. 

De Gamp (1920) devised a maze with no blind, in or.ler 
to find out the role that distance plays in maw .solution. .Ma/e 
was rectangular in shape, maze B circular. Both consisted of 
a circuit alley, like a race track. A movable Uml box eouhl {..• 
placed at any point on the circuit alley, so that its disfam-e from 
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tlit^ startinjif Un\ lie varied at will. This arranjrt'nioiit 

is siudi that, ewept when tln^ fo<id hox is at tlu‘ dianielrieally 
(ippdsite (Kiiiit f<i th«‘ startitiM: hex, the eireuit mutt* in ont‘ din*e- 
ti<m is slnirter than the similar mute in tlie ether direetien. 
Fnrtlier, tlu* m^arer the fend hex is te the startinjr hex, tin* 
jrn^ater is the* ratie <d‘ tin* short path to the len^^ path. The same 
ratios were trie<l in h<ith <iireeti<ins. rij^rlit arul left, in <irder to 
e<introI the spat*e error. Mijrht rats wen* nsetl. De (’amp e<in 
(*ln<h*<I that the ditr<‘rential limen, I)L (the difrt‘renee between 
the lengths of the lonj^ and sh<*rt paths dividml hy the length of 
tin* lon^ path) is ,10, 

The (»ritt*rion of learnitia: a<lopte<l hy I>e (’atnfi was that the 
rat was **elearly taking ( preferrin^jri the sluirter {iath.*‘ This 
<*riterieM laeked the ehjeetivity really needed for the df‘ferndna 
tiou of a IHj. Itut, takiniT his tables at thi*ir Hna* value, they 
slniw that one rat had a Db <if .10 in ma/<* A. wln»re the lonjJT 
path was 'Jh> inehes, ntnl two other rats had tin* same DL in 
ma/.i* B uhere the lonu path was 217 inehes. A e<instan<*y of 
the BB with the elmn^'e of ahsolute lenjrth was Itere itidieated, 
whieh is the esseru’e of Weber's Bnw. I *nfertunat<‘ly his d«»tt*r 
minations were not reliable, and nnireover, his own <lisettssi<m 
<li<l init exteiiil to this latter phase of tin* prohb^m. 

Ktio with a four eomparlment ma/.e, simwed that 

ilistatu’e was elVeetive <mly after other fnettirs had been elim 
iiiati'd. The first eompnrtmeiit letl into a true path, whieh was 
the slnirtest mute to ftioil. The seeiittd e<im[inrt nn*tit letl tt» 
ftHul hy n miuninhtint way. The thinl tsmilnetl the rat ftir 
tAVt‘uty seeianls. The ftmrth ^nve nn eb*etrit* -shoek. It was 
fountl that tin* f<»urth ettmpartmt*ut was eliminnt«*d first; tin* 
think nest ; the seeoinl, last. Only after the t*b*etrie shtiek eom 
pnrtment and the etmtlnt*ment etimpnrtmetO had been eliminatetl 
tUd tin* distnnee fnetor demonstrate itself. This flntliuK sttyrift'sts 
t hat two pat Its Nlnmhl he minle ns nearly nlikt* ns possible exeept iti 
lenjjrth. if a tdenr fut restdt in ilistanee tliHerimination is tlesired. 

No othi*r wtirk has been fottinl whieh !»is n tlireet henrinj? 
on tin* present prohb»m. 
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METHOD AND API^ARATrs 

Method— 

The method used is that uf rif^ht and wron^ east^s. Thr 
choice of this method was based upon the following renstuis. 

(1) The simplified form of this elassieal metlual enu be 
approximated iu animals without violent devinti<ui from tlu» 
procedure prescribed by Jastrow. 

(2) Weber’s Law can be verified without <ieterminiuK 
the DL. 

(3) The practice (the number of runs) ean he maib* t‘oii 
stant and conveniently short so that the mathematical treatment 
of data is simplified and, moreover, reliable. 


Apparatus — 

Two mazes, maze I and maze II, wen* use<l. Tin* plan of 
maze I is shown in figure 1, It is essentially a two alley tlis 
crimination box in the sha[»e of a 1ondst(»ol. The straight |Mir 
tion is made of dressed redwootl, three-cpiarter incht*s by ni-vcii 
and one-half inches; the semicircular p<»rtion is matle uf gal 
vanized sheet iron, s(*ven and one-cpuirter irndies wide. At tin* 
base of the maze is the food box, F. The LkhI pan. f p , ih 
placed near the baseboard, ecpfulistant from the two si<h»s. 'ITt** 
food box has three doorways: /?, entrance at the center; Ihu 
on the right side; exit on the left. Each d<»<»r\vay is fmir 
inches wide, having a galvanize<l sheet iron d(»or seveii atnl om* 
quarter inches by four inche.s, which fits in grooves in the side 
posts, one inch by one inch by fifteen incht‘s, nailed on each sole 
of the doorway. The door can be pulled up ami <lown f|utotlv 
by a cord. The entrance F leads into the inner alley /, whi*»h 
begins as a wide alley, hut soon is divhted into tw<» alleys In 
the middle semicircle in the ex[)an<le(l p(»rtion, a munhi*r of 
doorways are cut, three inches wide, and three inches high from 
the bottom. Door C is locatcil at the point <lirectly <»pp<isiti’ tu 
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tlu* <*ntram*f* A’. At a [uiint six and <uiodiaIf inches <Iistant from 
the center <d’ tloor <\ on the rif^ht side, door /i\ is ent ; at the 
correspondinjj: point on the left side tloor A. is cut. Similarly 
/i\ and A*. R^ and A.. /A ami A.., /i*, and Aj, each pair six and 



A 1 . 

A, pulhn ut fiitriiii*'*’ ; /, Jilli’v; (K titUrr uU«»v ; (\ rimtrnl ilcer 

(nlwiiVM At, A,, A„ A*. A,. A,, A,, A>, At. A,, iMijtijitiihlc (A, 

opi'U > ; h, hliirk ; /ar, i>Ut pallio femi twti fpf f<m<i p»«. 
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one-half inches farther alon^^ respectively. Kaeh d<iorvvay van 
be completely covered up by a piect» of metal, three and <me half 
inches by seven and one-tiiiarter inches, which is held tiuhtU 
in place by a metal clip. Door is always optui, whib* only <ai** 
of the other doors is open in any experimental situatitnu Ati 
open door is the oidy channel <d* communicati<in fnnu the innav 
to outer alley, and is tlanked on the farther end by n pair t»f 
wooden blocks ft, which prevent farthtn* passajJTt^ both in th** 
inner and outer alleys. Hence the blocks, whenever th(*y happen 
to be, mark the end of both double alleys, ainl coniptd the rat 
to go back through the outer alley [uirallel to tlie inner alley 
that it has chosen at the start. In othiu' words, a eirctiit is 
restricted to one side, either right or bd’t ; the rigid (driuiit 
completed through the right inner and older alleys; tht* left 
circuit is completed through the left inner arnl outer alleys,. 
Figure 1 shows one pair of blocks on tlu‘ rigid hand eml of the 
open door C, The left <loubh‘ alb*ys, eonse<|uently, art» the bmg 
path: it is ai)proximately 211 indues long from tlie entrnn«*e h* 
to the food pan, /,/>. The right path sliovvn in the figure is a 
short circuit through and is 172 inches long. If which 
is the same distance as fr<»m the <*nt ranee K, is (>pen, and 
blocked on the right, and T is blocked on the left, tlnm the right 
path is now the long path, 211 inches long; fh«* left [»uth is th»' 
short path, 172 inches long. Five pairs of slmrt paths can h** 
formed to compare with the constant long [»ath, making ft\»‘ 
experimental situations : 

ISitnation I. (a) Choice hetwemi the long path on the bd’t 
and the short path through /f » ; (ft) choice hetweim the long path 
on the right and the short path through L^. 

Situation 11. (a) (dioice between the long path on the bd't 

and the short path through It,.; (ft) choice between the long path 
on the right and the short t>ath through L.. 

Situation IIL (a) (dmice between the long pntli on 
left and the short path through (illustrnteil in tig, I i 
choice between the long [udh on the right nn<l the short path 
through L;,. 
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Situation IV. (</) (*liou*<‘ botwoen tho loiif*: path aiul the 
short path thrtvu^h h\; ih) fluuee bet\vt‘(‘U the Un\\x path and 
the sh<»rt path thnmjrh /.*. 

Situati<ui {o\ t’iioiet* het\ve<»u the lonir path and tilt* 

sh<»rt path thnmj^h /i\; [h) elunee betwtuni tlu» lunjjr path atid 
the short path through /*,. 

Ma/e II isexaetly like ma/.e I except that it is t\vie(‘ as lar^e. 
The tleseription ^iven r<»r ma/.e 1 applies to ma/.e IK save that 
every dimension is <l<»ubled, except the tiimensions of the folhiw^ 
inK. which remain the same: the KmuI Imx ; widtli of tht* alleys; 
three doorways. R, />ii. ntul />t.. leading out from tlu^ KkkI box; 
and the size of the d<»or\vnys cut in the mi<ltlle semitnnde. The 
constant hnijr path is KJl! inches Itm^; tin* pairs of short paths 
are <lonble<l in lertijrth. amt shortmied by steps of 2b inelies. Tht‘ 
lenj^th of the paths in the dilTtU'ent sittmtions are jrivtm iti tin* 
following table; 

TAtU.K I 

l.Ksorn to* t’AiH.H tN Srrt vru>ss 

Htiniun tuitumtU rrfi«r te /, hma path; S sluirt path; 

ti ilifl'i'O'fi*’** lM*tvv«'«‘ii tti**' l«»«a tool ?»hort paths; H ratM» tif tlie Hta»rt 
path tt» tlie tt<na puth. 
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Prornlitr* 

I. tUtXTtnd. iiV VAlUAItbM KI^KMKNTS 
KitiHT. The I'Xperintettf was ctimlnetetl iit a tlark mom. A 
frosted I HI watt tnnprsten lamp was suspimded frtnn the ceiling, 
five fef*t above the center <»f tin* inner stnnieirele of the ma/.e. 
so that the inner atnt <mter alleys were e<tttatty illumitiated 
thronuhont. 1*he strai^irht ittner aitd outer alleys were nppr<»\i 
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mately equally illumhuited sinee they were symm<'tri«>ally pliieeil 
with reference to the lifrht. In maze 11, two lamps wen* nse<l. 

The two paths thus illuminated hxik exactly alike t'rotn the 
entrance. The wooden blocks which mark the emls of each alley 
are not visible until the rat is <inite near them. Al.s<i any open 
door through which the rat pas.ses from the inner to the outer 
alley comes into view only when the rat actually cotne.s up to it, 
and its appearance, when visible, is like timt of any other, iluc 
to the fact that the extent of the sector (tf the circular path 
from which it is visible is the .same whatever the position of the 
particular door. 

SmeiJj. The food used in the maze was suntlower seeiis and 
dry bread soaked in water. Whatever smell <lifrused, did so 
evenly in the right and left paths, because the.se were plnceil 
.symmetrically with respect to the food pan. 'I’he doorways m 
the jniddle semicdrcle ari* also ratlially symmetrical with resjiect 
to the food pan. The absolute distances of these doors fisini 
the food pan do not vary nnire than tl per cent of the tont,'*‘sf 
distance (a straight line connecting the f<iod pan with dotu- f'l. 
Hence the diffusion co(‘fflci(*nts jit these d<iors mtist b** practi 
cally constant. And, moreover, after ea(‘h set of the experino'iit. 
the floor of the pathwa.vs was thoroughly cleansed. 

KiNAESTUETIC fATTEKN OE TItK rATIlW.WS. The lotig path 
and the short path diftcr oidy in length and in the rev#*rsal of 
the turns. 

The Rats. The rats used in the experiment were from tb<- 
.stock white rats in the I'sychological Ijahorat<ir,v. I’niversity of 
California. The experimenter bred and reared thimi. After 
the weaning period, tiiey were fed mi Met ’.dliim s standard diet 
No. 1, with an occtisional allowance of fresh lettuce. 'I'hc foiel 
was made into .soft dough and given once a day; It) per cetit of 
body weight wjis the daily ration for each rat. All tin- animals 
began and finished the experiment in good health. Their ages 
varied from five and a half to .six months, which is witidn the 
period of maximum activity as attested hy Slotmker { fit 1 2 » atid 
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IJiflitor Th** t(»tal uiimhor <»r rats usrtl was lit?. Both 

st‘xos wort» uso<l, ovonly ilistrihiittMl as far as praotioahlo in tho 
(UrtVront situathms, 

‘J. letB'TlNH tU*' THH KXPHHI M KXT 

DisTUim'TinN <ii‘‘ THK Snt.iKcTs. Kn(*h rat was ^ivou a 
oluhco of tlu* path and ono sh<»rt path. K<»r t‘xamplt*, rat I 

was to ohooso hrtwt'rn thr lonjf pat!i aiHl tlu* slnirl patli throujrh 
door /t*j ; rat 2 was to tdmoso liotwroii tlu* lon^ path and another 
short [>ath, thnotyrh door L,, and st» <»n. Kivo rats, roinpo.srd of 
thrrr malos and tw(i t‘t‘iaah*s, or thror rmialrs and two malrs, 
foruu*<l a jjrnnip whirh Irarnrd all ol‘ tlu* variahh* d<H»rs on oin* 
sidr, (MU* rat to a <l<M»r, A srroinl jarnnip lf‘Hrnt»d all tlu* rom* 
sp<»ndin*jr doors on tin* <»tln*r suit*. Two siu'h jjrroups won* run 
at a sin^do siftinif. No variahh* tloor was opon twirt* in sucrrs 
sion. Tho ordor of ^irrsontation of tlu* variahlo <lo<irs was 
rhanjfod im^vrularly. Tlu* following: t^ivo.s s(»nu‘ of tlu* <jrdrrs 
prartiiust : 

It. H, H. U. H; h. In In Ut In 

H, H* H. It, H, la lo In In In 

lu H, In H. In U, In H. In H. 

Iti hi Hi In H» In H| In H. h. 

In In It. It. In In H. H. In U, 

Tlu* p<»ssihiliti«*s of siu*h permutations nr«* ainu»st unlimite<l. 
This irn*u:nlnrity oanoelled the teruleney t(» traek preeediuM; rats. 
One rat inij^ht he preeeiled hy Hnittlu*r rat of tlu* same or of the 
opposite St*\, 

In all. eaeh of the ten variable doors in tnu/.e I and eaeh of 
the ti*n variable ihxirs in inn/e 11 was lenrne<l by a set <d’ ten 
rats, exeept li ,, /.*, h\ in mn/.e I, whieh were eaeh h‘arne<l by 
uitie rats only, Ninety seven rats e(»mplete<l mn/.e I; UHl rats 
eotnfdeted tna/e II. 

Timk of KxeraitMFNT. The experiment be^an in September. 
lH2h nn<l erulf*tt in May, Bl2o. Ma/e I was ttHf*d first, and dis» 
eontinned in dannnry. lti2o. Mn/e tl was nse<l for tlu* remain 
infi: period. The daily experiment was <lone betweett S n.m, atui 
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5 p.m. Any pveii p-ouj) of five rats was run at appr(»xiiuat«‘ly 
the same time each day. 

Dally Puouuam. Six trials per day for nine <lays was tin* 
prot^ram for each rat. iUdore a rat was plaeed iti tin* ma/t* for 
the first time it had jrone for two days on half rations ftal to it 
in the food bo.x. When the experiment had aetually he^tm. the 
rat was allowed only a nibble of f<»o<l after t‘aeh run. After a 
group had finished the day s program of six nuis t*aeh. th»\v 
were fed the rest of their food in their own eagt's. The rnnnins; 
was recorded graphieally. Kaeh ma/^e had seetion nntnhers 
along the alleys, and a tracing eould he drawjt by the e\t»en 
mentor with referenet* to th(*se seetion numbers. While the «lis 
tanee calculated on the basis of the.se tracings was not e\aet, it 
was a fair approximation. The time was taken by a t * Htn'Minl 
stop watch, hut the sp{*ed <»f the rats was s<» great, particularly 
at the later stages of learning Oahout 4- ineht*s per sf*eond ^ that 
these time records wviv not vt^ry rt*liahle. 

Emotional Fa<'Tous. The rats were tlnnsMighly aeeustittnetl 
to being handled. Yet the first intnuluetion to rht* mn/»* 
upset some of them that no nnnuint of care or <»f threats a\ ailed 
to keep them moving. These seared animals simply crouehed 
down somewhere along the alley, usually at a eorner. and '' went 
to sleep.’' To economize time, at tin* end <d’ threi* minnt**s nt 
maze I, and of six minutes in maze I! (assuming that twiee the 
distance recpiires twice as much time in traverse), these passive 
animals were taken out and started anew frotn the ent ranee 
Other animals were so re.stlessly active that tliey retraced the 
inner alleys without getting any nearm* to the Milution T«i 
these rats the .same tinn* limit was apfilied. If any rat seored 
four or more of these* ineomplet«* runs, it was distuinled. 

Timk Ekrou. In the heginning, the rats were learning what 
to do in the maze; tliey were apt to loitt‘r along the way insiHM*t 
ing every bit with curiosity, running, .stopping, ami r**traeuig 
The time sequence under these* conditions was relatively inei»n 
stunt and the time error relatively large. Hut in the later 
of learning, this erratic running was mostly #*liminated. ’fht* 



1929] Yoshioka: Discrimination of Maze Distance hy the Bat 165 

rats made a straightforward round trip through either the long 
or short path, as the choice happened to he. Hence each such 
trip was made within narrow limits of time (five seconds per 
trip). The time error under these latter conditions was rela- 
tively small and constant, and may safely be assumed to have 
been unimportant for a comparison of the discrimination scores. 

It must be noted, however, that the experimental program 
was such that the standard stimulus and the variable stimulus 
were not encountered an equal number of times. Heiice, the com- 
parison judgments were made between a stimulus immediately 
present and another stimulus recalled sometimes from a rela- 
tively recent and sometimes from a relatively remote past. This 
introduces another type of error. But, methodologically, it is 
almost impossible to eliminate this latter type of error so long as 
the judgment of an animal has to be expressed in terms of gross 
motor performance. Further, the effect of this error was, per- 
haps, partly eliminated by our arbitrary criterion of learning, 
which was that, in the first four days the path other than the one 
later predominantly chosen, must have been talcen at least six 
times. And hence on the fifth day, every rat that finished the 
experiment had had the same minimum experience of the alter- 
nate path.- Again, the evil was probably not so great as might 
be inferred, because we were concerned in comparing the scores 
in the two mazes, and, whatever the error, it can be assumed 
to have been relatively the same for both mazes. 

Finally the free-learning method chosen had the advantage 
of offering an opportunity to study just how the rat learned the 
maze under natural' ’ conditions. 

Space Error. The right and left space errors were elim- 
inated by combining the scores made on the right side with the 
similar scores made on the left. 

2 In my later study of the discrimination of maze patterns, the rats 
were forced through each of the two alternate paths just before a daily 
free choice was given. This ^‘Daily-Practice’’ method was found to bring 
out better discriminative preferences than the free-learning method. “A 
Preliminary Study in Discrimination of Maze Patterns by the Rat,” JJniv, 
Calif. Fubl Psychol. (1928), 4:1-18. 
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A disturbing space feature was position habits. Some rats 
tended to take the right side only, irrespective of its length, and 
some the left. This difficulty was partly eliminated by the 
criterion cited above, that, in the first four days the path other 
than the one later predominantly chosen must have been taken 
at least six times. 

The Criterion op Scores. The constant method is con- 
cerned exclusively with the frequency of true comparison judg- 
ments. Hence our scores should be the frequency of true choices 
of the short path. The animals had however first to dispel fear 
of the new situation in the maze, to overcome curiosity, and to 
habituate themselves to the maze in general before any such true 
discriminations were possible. This necessity is not a novelty; 
even in human psychophysical problems a certain amount of 
training is imperative. But in our present case the difficulty is 
to decide how to separate scores scattered in a nine-day period 
into learning scores, on the one hand, and discrimination^scores, 
on the other. Actually the scores of the last five days were 
chosen as discrimination scores. The justification for the de- 
cision will be discussed in full, with empirical evidence, under 
^'Results.'’ 

Types op Scores. Besides the choice of the short path and 
the choice of the long path by a straightforward running, desig- 
nated score P and score Pe, respectively, we observed erratic 
retracing in the same alleys. Further observation distinguished 
three types of such retracing: (A) confused running; (B) mis- 
judged running; (C) disturbed running. 

{A) ‘^Confused running’’ includes more than one retracing 
in both the short and the long paths. It is a typical trial-and- 
error running and tends to occur in the early stage of learning. 
{B) ‘‘Misjudged running” includes just one retracing in the 
path not finally chosen. The rat starts along a path, swings 
around with no hesitation, retraces the path, and takes the 
alternate path. This type of retracing is found in all stages of 
learning. (C) “Disturbed running” includes one or more re- 
tracings in the path finally chosen. This seems due to incom- 
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plete learning. The rat starts along a path whose characteristics 
are only vaguely known. As it advances, some extraneous dis- 
turbance, such as a sudden noise or inrush of air upsets it, 
making it retrace. As learning progresses, the rat becomes less 
and less distracted by such disturbances, and this type of retrac- 
ing tends to disappear. 



The three types of retracing are designated as scores A, B, 
and C, when the final choice is the short path ; as scores Ao, Bn, 
and Ce, when the final choice is the long path. 

The following types of scores were also computed : 

Score S = the sum of the scores A, B, and C. 

Score /S^e = the sum of the scores Ac, Be, and Ce- 


RESULTS 

The results are shown in tables 2-6 and in charts I-V. The 
discussion will be confined to indicating the more significant 
features in these. 

Learning vs. Discrimination — 

In order to sort out learning from discrimination in the 
obtained scores, the data will be discussed under three headings : 
(1) Daily Averages ; (2) Intercorrelation,* (3) Condensed Inter- 
correlations. 
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1. THE DAILY AVERAGES OF DIFFERENT SCORES 

An empirical criterion for the completion of learning 
best be found by an examination of the learning curves. 
a learning curve reaches a limit and flattens out, it is evi^i^^^^' 
that learning is then more or less complete. In order to 
where a flattening of the learning curve occurred, the 
averages of different scores, under the five different situati^^^^"* 
were plotted in chart I, figures 1-10. It will be observed 
for both mazes I and II, figures 1 and 6, the five P curves C 
for each situation) begin more or less together and cut 
one another. Prom the fifth day on, however, they become sep- 
arated, and keep their respective levels in more or less flat coxi- 
tour. The Pe curves show a similar trend, though in a lessex* 
degree. Here is a graphic indication that on the fifth day 
curves assumed a relatively horizontal character and that leax^xx- 
ing had largely ceased. 

Figures 5 and 10 support .the same conclusion. The cliax*- 
acteristics of the S and Se curves are the early rise and la..1:©x* 
dropping to the same more or less flat level. On the fifth clay 
the five pairs of retracing curves flatten out and remain so. It 
would appear that the scores (both P and 8) may, on the fif tli 
day and thereafter, be regarded as primarily discriminatioxi 
scores, while on the first four days they are mainly learn 
scores. 

A few words on the separate types of retracing. The curves 
for the A and the Ae scores show the same trend as do the 8 and 
8e curves, i.e., early rise and final drop. They conform to tlie 
‘‘typical” error curve. The B and Be curves tend, on the othex- 
hand, to remain more or less flat throughout learning. The JE? 
curves maintain a rather high level in situations I, II, and IT I ; 
and the corresponding Be curves run along relatively low. Bnl: 
in situations IV and V, the B and the Be curves tend to levels 
about equally low. This indicates a relation between the fre- 
quencies of P and of P, and the existence of this relation support h 
us in defining P as a misjudged running. A wrong direction wa,js 
taken, but the mistake was soon corrected. The C and Ce curvets 
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n^niaiu stt‘atiily at l<uv lav«»ls throiiffhout tlu* lt*artunjj:. Tli«‘ 
t‘xperinu‘atar ohst*rv<‘d that thoso scores wen* made when an 
t‘Xtraiieoiis distiirhauet* appt*ared; and that thes<* scores an* dm* 
to such disturbances, is evidenced by the shape cd* the (*urves. 
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Another indication of these relations between the P and the 
Pe scores, on the one hand, and the error scores, on the other, is 
shown by the following percentages: 

Inthe first four days: 

Maze I: P, 26%; P*, 19%; P and Pe, 45% 

Maze II: P, 20%; Pe, 15%; P and Pe, 35% 

In the last five days: 

Maze I: P, 49%; Pe, 22%; P and Pe, 72% 

Maze II: P, 48%; Pe, 27%; P and Pe, 74% 

In the first four days: 

Maze I: .S, 31%; /Sfe, 24%; >8 and >Se, 55% 

Maze II: S, 37%; Se, 28%; S and Se, 65% 

In the last five days: 

Maze I: /S, 19%; Se, 9%; S and Se, 28% 

Maze II: >8, 17%; ;8e, 9%; >8 and /8e, 26% 

From these figures it appears that in the last five days the choice 
scores were made approximately three times as frequently as the 
retracing scores. 

As to the three types of retracing, the following percentages 
were found: 

In the first four days: 

Maze I: A, 16%; Ae, 15%; A and Ag, 30% 

Maze II: A, 20%; Ae, 16%; A and Ae, 36% 

In the last five days: 

Maze I: A, 4%; A*, 3%; A and Ae, 7% 

Maze II: A, 3%; Ae, 2%; A and Ae, 5% 

In the first four days: 

Maze I: B, 10%; Be, 6%; B and Be, 16% 

Maze II: jB, 8%; Be, 7%; B and Be, 15% 

In the last five days: 

Maze I: P, 12%; B«, 4%; B and Be, 15% 

Maze II: B, 10%; Be, 4%; B and Be, 14% 

In the first four days: 

Maze I: C, 5%; Ce, 4%; C and Ce, 9% 

Maze II: C, 8%; Ce, 6%; C and Ce, 14% 

In the last five days: 

Maze I: C, 4%; Ce, 2%; C and Ce, 6% 

Maze II : C, 4%; Ce, 3%; C and Ce, 7% 
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.1 and A, nct'urml fn^tintnitly in tin* hrjjinniny:, hut in tht* 
last fivt* days wvvo mostly oliruinat<Ml. // and Ik had relatively 
hi^li peretuitap's tliroujudujut the loandrijr peri<ul. hut /> is nuieh 
hi^rher than Ik. R and (\ had steady hut low pt‘re<‘utajj:es 
thn»ujrh<>ut th*' learninir period. 

In order to show i^raphieally tlie elTeets tif tht» tlitrerentiai 
stimuli* the data were rt%n-<mptHl under tuieh situatitui ami 
jdotte<i in chart 11. ftKttt’os 11 t!d. A e(mi(»arison tjf these 
fi}j:ures shows that the rt‘t raein|4: seort*s distrihuted t ht‘msf‘lvt*s 
intu’e or less symmetrienlly with respect t<» tin* base litie. t‘XC(*pt 
H ami Rt, vvh<‘se peculiar ladiavnir has alremly heen noted. This 
means that retracitiy: of the .1 ami t* varieties was committtHl 
mor(‘ (U' less e<|uultv in Nh«»rt and loni^ paths. The hiscrimina 
tioti scores, P arid I*. , helinvt* ilitTertmtlv, In situation 1. where 
tht‘ ratio <d' tfie short patli to the lonji: path is the s 4 :n*att»st, P 
imu’eases em»rrm»ustv in tlie later stap* of* h»arnin«r; P, decreases 
slightly, hut im^reases relatively t<i the retracing: scores, in 
situation 11, tlie incri^ase of I* is a little less, In situation III, 
the increase of I* is still less, ht situation 1\*, the im*rease of 
is very slin:ht and P, now begins to inereast» hy a considernhh» 
amount. And, tinatly, in situation V, /* im^reases the least; so 
that /* and /V assume sy mmetriinil positiiins with respect to the 
iias<* line in the manner <d’ retrncinu scores. In situati<tn IV, 
l»rohahly. and in situation V certainly, the choii'e of tin* short 
path was iluc t<i <dinttce rather than true tliserimination ; the 
Uiiiff path wuis ehosen as <tften as the slntrt path. These jxraphs, 
taken ns a wlnde, prove that the fretpieney of the ehoiee of the 
.short path is a fnnetmn of the ditlVrenee between tlie slmrt and 
huiK paths; the more ditlVrenee there is hetwfeii tlie short ami 
paths, the more fnspietitly the sln»rt faith is chosen. 

tNTHmxiUHKhATloNH 

Tin* lenrniiif^: eurves, as we have just seen, approaidnsl a 
limit on the fifth tiny. The stamlanl variatitms <»f the means, 
li<»vvt‘v<*r teompnted hnt not here presented are larire. Thi*re« 
fort* an attempt will now he math* hy amifher nndhotl to tlefeet 
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the (Hisot of the Uniit of leuniiuK. The method resorted to will 
depend upon an examination of the iutereorrelations between 
individual daily reeords. 

At the liiuit of learninjr, the values of the individual discrim- 
ination scores ou^lit, from such a point on, to be more or less 
luiiform, while the intercorrelations of daily scores should be 
at their maximum and^remain constant. At the beginning of 
learning, on the other hand, each rat will be learning at its own 
rate; and the iutereorrelations of daily scores ought therefore 
to bt‘ low. Hence, if the iutereorrelations of the scores of the 
first aTul second <lays, of the secoml and third days, and so on, 
are surveyed, it shouhl be possible to detect a i)oint at which 
the intiUTorrelntions l>ecome relatively high and remain so. In 
fact, turning to tal)h‘ 2, such a point appears in situation I on 
the fifth day in maze I, and on the fourth <lay in maze ll.*^ 


TAHI.K 2 

iNTKRCOHUKUATUrNS OP I* »Seo»ltS IN M AZKS I ANl> 11 IN SITUATION I 



All tiu* poHHibli' inttTftirivlatidim in Imtli niazi‘8, numlx^ring Homo H, 000, 
nro givt*n in full in tlu' original inanuHcript, All (’(>rr<‘lnti<)U roofneients 
won* r<»mputtMl hy P<'arHon*H formula. 
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A survey of these intereorrelations shows that the coefficients 
on the first diagonals are higher than on any other diagonal, and 
that they increase as one descends along this diagonal. The next 
best rows are the second diagonals. This shows that, as the 
learning progresses, the performance becomes more and more 
stabilized. Similar tables (not here presented) for situations 
II, III, IV, and V showed the same thing. If we take the aver- 
ages of the diagonal coefficients of the five situations for each 
maze, we get the results shown in table 3. 


TABLE 3 


Days 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

Maze I ‘ 

.272 

.346 

.361 

.510 

.546 

.556 

.568 

.601 

Maze II 

.072 

.374 

.422 

.404 

.474 

.542 

.568 

.640 


Since n — 20, these coefficients have to be .40 or more to be 
significant. Table 3 shows that the coefficients become sig- 
nificant on the fifth day in maze I, and on the fourth day in 
maze II. This evidence supports the claim set forth in the dis- 
cussion of the daily average, that on the fifth day a limit of 
learning is reached. 

3. CONDENSED INTERCORBELATIONS 

Another way of obtaining evidence from the intereorrelations 
is to compute the correlations between: (1) scores in the first 
half' and scores in the last half ; (2) scores on odd days and 
scores on even days. For this purpose, the dividing line of the 
two halves was again placed between the fourth and fifth days, 
The results by this method are shown in table 4. 

The half-vs.-half coefficients of P in both maze I and maze II 
are relatively low. On the other hand, the odd-day-vs.-even-day 
coefficients of P in both mazes are relatively high, and probably 
are as high as one could hope for under the conditions. 

The low values of the half-vs.-half coefficients may be ex- 
plained by saying that the performance in the beginning of 
learning is different from that near the end of learning. In 
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how far do the hifi^h o(l<l-vs.-ovoii ooefiieioiits indicate stable i)er- 
foriuauee throufrbout ? lo order to answer this, odd-vs.-everi 
e.oeffieitnits were eoinpute<l for the first atid last halves sei>ar- 
ately. Table 4 shows that the odd-vs.-eveii eorrelations both in 
the first four days and in the last five days wen* satisfae.torily 
hijrh, with th(‘ exe(‘ption of situation II, maze 1. Further, it 
shows that the odtbvs.-t^ven eorrelations in tla^ last five days are 
without t^xeeption hij^her than the eorrespondiuf^: oiu^s in the 
first four days. This indieates that the perforinanee in the last 
half was more uniform and stable than the performanee in the 
first half, and that learniii^ has eeased to afTeet the reeords on 
the fifth day and thereafter. 

TAHI.K 4 

< ’OSOK.VSSO I NTKKe(mRKI..VinONN oe P SeoUKS 




Miuv 1 



Mttiist* 

n 




1 < bid vn I'Vi'ii 


1 Odd v«> «*v<‘n 

Si runt toil 

1 

Unlf 


1 


Hulf 





V.H, 




VH, 




! 

imlff 

VVhulf 

l''«r.Mt 

I. tint 

hittf 

VVh(*l»* 

Firnt 

UUNf 



Imtf 

hiilf 


hulf 

hntf 

1 

:»() 

S4 

70 

H7 

02 

77 

. 00 

.S4 

n 

la 

su 

02 

s:t 

40 

.04 

,70 

sr> 

III 

02 

70 

50 

77 

r>o 

K4 

01 

,H0 

IV 

.1") 

00 

,71 

04 

45 

HS 

02 

, H2 

V 

."»r» 

SO 

7i) 

HS 

m 

77 

54 

.00 


* 'Phi* uro th«* ctM'fHcifiitw by Iirow«‘« foriiiiiin 

t Httlf VIM, hiUf- I, 2, 3, 4 vrt, il, 7, U <I»y«, 

0(l<l v«, rvi'ii, wh<ilv^l, It, 5, 7, tl v«. 2, 4, It, H Unyu. 

0(1<1 v«. fvcii, tir«t It vft. 2, 4 

< )<Ul VM. luHt 7, a v«, (I, H <lny«. 

The three faetors .so eonsidered, nanudy, th(‘ daily avernjjres, 
the intereorrelatio!is, and the eomleused ititereorrelatious may 
not, eaeh l>y itself, justify the <livi.sion made between the fourth 
and th(» fifth days. The daily averages were rather unstable, 
as shown by the larg<* sigmas; the <liagonnl inteeorrelntions 
ineluded .some low eoenieieiit.s, a sort of inversion of the seeoml 
order; and the data on the eondensed eoeflleients were divuled 
into the two halves rather arbitrarily. Btit when the three 
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results were taken toj^ether, the evi<lenet‘ seeius t(» justify tli 
division made. On fhv fifth day wr may rntsonahly ftssnni* thu 
the maze has heen learned and that the performanee an the fifl 
day and thereafter is one of discrimination and no lonyer cm 
taminaied by learniny. 

Proof of Weber's Laic - 

The main question of the pn^sent rt*st‘areli enri now he pn 
specifically as follows: IIow <ioes the ilistrihution c»f the frequei 
cies of the P scores in the last five days in tna/e I eunipnre wir 
the distribution of the fre(|ueneies <if the P seort»s tn the sam 
l)eriod in maze 1 1 ? 

1. COMPARISON OF THK MHAN'S IN THK TWO Ma:^Ks 

One way of answering our question is to eompare tlie niraii 
of the f?ross scores. In tlu* last fivt* days «‘aeh rat IumI 'to ♦‘han»'»' 
to choose (six trials per <lay for five ilaysi, and ehov» the ^hor 


TH£ Means of the P Scones /n THElASTSDArs m Z Mazes 










Yoshioka: Discriminafion of Disfanvv hi/ the Rat 177 


path as Tuany times as is indieated by the sum of the P scores. 
The imlivitlual P scores iu maze I in each situation were aver- 
aged; and similarly for maze 11. The results are shown iu 
table T) and plott(*d in chart III. The curves in chart III run 

TABLK fi 

( ’OM r ARISON or TUFi Nt KAN’S OK I* S(mKS OK TUK IjAST FiVK DaYS 
IN Two Mazks 

Situutiun { Itfiu | /* 

IS So 

rn.ao 

4o 

002 

17 05 
IS 20 
55 
5 07 

14 71 

15 40 
00 

4 sa 

11 su 

0 05 
2 54 

1 11 

M, 10 SO 

V M„ 0 25 

M, M„ I 55 

101 

^ Ml nifmi score in mnz(» I. Mu mean score in nmzc 11. 

clo.se together. The pairs of means in c*a(‘h situation an* not 
identicah hut their <titr<*n*neeH are small; .45, .55, .<>(>, 2.54, 1.55. 
The sij^mas of the.si* dirt'erences an* ().()2, 5.(J7, 4.H2, 2.54, ami 
1.01 n*s[)eetively. Then* was therefore no sifi:nilieant difrt‘rence 
ht*twe(*n tht* means in any of tin* five situations. 


Mt* 

I Mu 

Mt Mu 
Ml 

n M„ 

M, M» 

c.iifr 


I I I .Vlii 

Ml Mu 

M. 

IV M„ 
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No other evidence wouhl seem neeessary tt\ verify Weber*: 
Law. And yet, nnfortiinately, it is not statistically valiil. Tin 
number of subjects in each sitiiatitm is except in situafiiui II; 
in maze I, where a — 19, ntid in situation IV in ma/** 1. when 
^.=;18. The sigmas of int^ans whtm n is as small ns are rt‘nll} 
much larger than tho.se here calculatetl. In cabutlatinir a simm 
of means, certain i)roduct terms are tsirisidered nej;fliirible, Hm 
such as assumption is valid only when n is fairlv Inryre. say ;i{ 
(Kelley, 1923)). Hence, we turn to nnotlnu* metletd of e\am 
ining* the data. 

2. (’OKHKl.ATKnV 

The curves of the means in chart 111, wli**n Mip*Tnnpose<| 
show divergencies due t<» their irregular contours, 'riien* is i\ 
way, however, to straighten these <iut. 'rhe Hearson t‘orrcintinn 
surface and the principles involved in the forriiatnui nf hucIi h 
surface show the way. The ilitTerenec.s of length bciween itu- 
short and the long paths wmv taken ns .r varuites. and tie* siuih 
of the P scores of the individual rats were taken a * 7 vartateN. 
.V varies from 13 inches to (io inehes by step^ nf 1:*, uiet»»‘> m 
maze 1; it varies from 2(i inehes to l:fti ineh***^ hv ^f*-pH of *Jti 
inches in maze II. 1’ varies from tt to :ut in both ea^e, Koj* mi 
irulividiiul rat, thmi, we have two sets of finta. it^ /, dirlVmifml 
stimulus (differenee of length of the two pntlu*. and »/. its 
gro.ss P score. 'Fhese \vf»re correlated by the Ht-arem fornuiln 
for both maze I and tnaze If. n 97 for ina/c I ami V pHi 
for maze 11. 

The correlation coeflleient in ma/e I was found to he 
.7)19 :t .074; in maze 11 it was .oTO * (Hu, {loth aro Niguitleanr 
coefficients, us shown by the small standard orrors. and mo- 
within the standard error of the tither This fact mdo-ato, that 
the frecpiency of the choice of the short {mth depend 1 upon the 
difference in length between the short and long paths, and net 
upon the absolute length id’ the comparison path Tin- itaptu* 

'‘The HtatiMtieal juHtitientiiai of the tme / tn 

A|>p<*ri<ii.v 1, 
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tanee of tho distaiiot^ factor in maze is apiiii confirmed, 

and also the constancy of 1)1 j, on whatever basis it is defined. 
A refcression coetlicient of y over .r, bn,r, which is defined as 

j) was souf^ht, and found to he .1(57 ± ,028 in maze I, 

<rj^ 

and .111 :± .01(5 in maze II. Then y bt,.,J' is the e<iuation of 
the rej»:ression line of y over .r. This is flie promised straij2:htened 
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Iin<‘ for the five scatt(n’<*d means. When the two rep:n*ssion lines 
are pIotf(»d on the .same surface (chart IV), with shaded z<»nes 
indicating tht^ limits of the standard errors, it is <*vident that 
the one lit^s within the standard error limits of the other. In 
other wor<ls, tin* same rtdative difTerenee yitdds the samt* propor- 
tion of correct (dioices (choice of the short path) with difFerent 
absolute {listances. This is nothinpf less than Weber’s Law. 




ISO r ninrsifif of ('’(tlifarfiiti I'nhlicotions in l^sifvholomj 4 


SUMMARY AND <’< »N< ‘UrSM *\ 

1. JIa/.o I was so const rufttul that two paths vt>itiallv similar 

were oilVml fco' cliokv. One [»ath was l!!! irnOM*s hnnr amt lo*pt 
constant, wliilc the otlnn* conht Ik‘ shorten^*! hv ^teps <»f pj 
inches. Ma7.<‘ II was similarly eoustrneted. Init ina^'’nititHl hy 
two. Five short paths were use<l in ea«»tt mtm\ rist» t(» 

five comparison situations in which the ratitis of the Umis to the 
short path were 1.44, 1.2.4, 1.14, anti I r»*spfetively. 

Kach rat was offenai only tine such t*oinpnrison sif tuition ami 
six trials jier day for nine tlays etinstituted a rat's eNftcrimental 
proj>:ram. In maze I, 07 rats \vi»re usetl. ilistnhiittsi approxi- 
mately etinally tti the fivt* situatitms ; UHt rats usrd in maze 

II, also etpially distrihutetl. 

2. Scor(‘s W(‘re recortleti in tdi^rlit enti't»orii‘s /’ ohoiee of 
the short path; /V choice <»f the torur path. I i‘*infns»‘il 
running:, with final choice <if the short t»nth , I eonfusiMl rmi 
uinj!:, with final cluiice of the hmtjr path, i‘om’et»nl nnunuu, 
with first a choice of tin* louir path arid then one retniemir, an<i 
finally a chons* of the short patfi ; H n idioie** of the short [inth 
followed hy a r<»tracin^ and finally a «*hoiee of the hnti? path; 

running, distnrhed hy sonn* external factor resulting/: in 
retraciujr in the short path; distnrhed rnninin.? with re 

tracinp: in the lonjjc path; »’< A f It ^ the Ninn of all the 
retracin^r s(*<ires ending' in the choice of the ^hort path; .V, 

At f !tt f (\t the sum of all th*» retraeun,! scor** > ending: in the 
choice* of the long' path. 

a. Tile scores <if tin* first four da> s were discarded; the 
score*s of tlie last fiv'e days only were constde{«-it hi th** final 
comparison. 44n* tlivisitm of seort*s into thesi* two haH«'s 'teeiuetl 
justifi(‘<l iiy the following fnets: i li the Icarntng eiM ven plottetl 
from the daily averages of P scores ) choM*e of the ihort patln 
licgan to ivach a limit on the fifth day ; ^2* tlie int»neorrelatn>ns 
of the I* scores heeume signiftcanl on the fiftii day aiol rnnaiiieti 
so throughout the n*st of the learning peroMi , U coudenasl 
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hitorcorrolatioiis were hij^hor in the last fivo days than in the 
first four days. 

4. The averafjres of the individual P seores in the last five 
days in maze 1 were eompared with the av(‘ra}j:es ot‘ the similar 
seores in maze II t*or eaeh of the five situati(ms. No significant 
ditTerence was found Un' any of the five pairs of nutans. Hut 
heeause of the small number of eas<‘s, the stamlani errors cal- 
culated for thes(^ numns may not have been correct. 

f). Tht‘ jrross P seore.v for imiividual rats W(‘r(‘ th(‘refore 
plotted for the last five days on the // axis aj>:ainst fh(‘ differences 
of th(‘ lenj^ths of tin* short an<l lorifr paths on tin* .r-a.xis. The 
correlation coeffieitmt thus obtaimsl betwetm P scavres aiul the 
differenet^s of bmjrtlis in maze 1 was .alb * .074; tlu‘ similar 
correlation cotdlicient for maz<» II was ..">71) ^ .007. When the 
two rejxression lines caleulaf<al with these eo(»tlici(mts were plotted 
on the sam<» surfact*. it was foiuid that <m<* lay within the 
limits of the standanl error <»f the <4 her. Th<‘ two n*f>:ression 
lines vv<*re [jraetieally i<lentical. 

(i. Points I ami a taken together setuti prove that with 
diff(‘ren( absolute* distan(*es the sam<‘ r<‘lativ(» differema* of dis- 
tance yi<‘lds th(* saim* proporfiem of eorre<*t ('luue«*s. This is 
nothinju: h‘ss than Weber's Haw. Tln»refore it is eonclu(le<l that 
Web(‘r’s Law bolds in the discrimination of maz(‘ distances by 
the whift* rat within tin* limits of <listanc(* in\a*stipited in this 
experiincJit. 


APPMNDIX 1 

StATISTU’S op tup P(M{lU':iiATlON MkTHOI) 

Tin* u.se of the correlation method in tin* treatment of data 
in the pn‘sent proldem needs consi<leration bc<*aus<* the sound- 
m‘.ss of the final conclusion rests upon the validity of tin* .stati.s- 
tics (*mploy<*d. 

The us(» of the P<*ar.s<m correlation co<*flicicnt implies that 
tin* data are ind(‘pt*n(b‘nt (unrelat<*tl ). This re<iuirenn*nt was 
m(*t by the <*xperinn*ntal comlition that <*ach rat react<*d to only 
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one eoinparisou stimulus, aiul so the iudividiuil seures were inde- 
pendent of one another. A seeoiut re<(uiremeiit is that the eorre- 
lation must be reetiliuear. The tont f<*r rtsUilineurity is made 
by finding ?/, the correlation ratio, anti by iuileidating: 

which is defined as { - >/“ --- r\ The stniulnnl frror of f ean 
be calculated by Hlakemaifs formula, 

2 

* ** V \/ J ( 1 ly 1 - (I 1*^ > * f I 

Vv 

In the present ease, f .OIU r .02U in lua/e I j C tKU » ‘.034 
in maze II. Hence it is not sijruitlennt in tdthor inn/.e, i.e., each 
correlation is approximately rectilinear. 

The other formulate ust*d also rest upon -speeitlc eonditioms. 
For example, the <r,. formula rtspures mi^sokurtic ntnl hiuiio- 
scedaetic distrihution ; the formula reipiires homiHdiny and 
rectilinearity in (listrilmti<in. To .save labor, insteiul of jtistify- 
in^2: the use of ea<di specific formula, we shall show that the 
/\score <listribution is normal. The n<»rmii!ity of disfrilmtam 
may be considered a suftieient guaranty n$,rHinHi triins\srv^Hinj^ 
violently any of the statistical ret|nirei»ent.s involved ? Kelley, 
H)2:)). 

The histograms of P distribution in ina/es I and II are fmmd 
in chart V. By inspection both distribution^ are a little 
platykurtic and positively skewed. Testing normality in terms 
of movements, we found: /;f, /f. 2 h4;iT m maze 1; 

^„”^ *2.4()o8 in maze II, Since a iM<rmai curve has 
(Si — d), /to — 3, the.se tiistributiotis are not very far fri»m normal. 
In maze 1 /to — 3‘ .lo4:i; in ma/e It /f,. 3 

But the sigmas of (S. of a normal curve with the name inuiiber 
of ca.se.s are i: .45174 and » . iHfiji, in uui/r I and maze H, 
resjieclively, Neitlier deviation in kurtosis i»i Mgiutieanf, and 
the distribution may he considered mirMikurtie 

A test for skewness is made in terms of z . when 

V t d. 

ii/t, 

In maze I, x - .lull ; in ma/.e II jr :jm7 The ugman of / 
of a normal curve with the same iiitiiil»«<r of ea^e** are * I.VU 
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and ±.122;*) in maze I and maze II, respectively. In neither 
ease is the amount of skewm^ss sijruifieant. The normality of 
the distributions, thus established, j»‘uarantees sufiieieutly the 
applicability of all the formulae employed. 


HISTOGRAMS 




APPENDIX 2 
Tuuksuom) 

The thrt‘shoId for th<» discrimination of maze di.stance was 
computed in tlu^ followiufj: manner: it was shown that in tht» 
last fiv(» days the <lis<unminativ(* scores P and P, amounted to 
72 per ciuit of the total scores in two mazes. If the choice of 
P or /V were det(*rmin(»d by chance alone, P would score half 
of this amount, junuely :h),r) per cent; ami as the total score 
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is :K), P would he 11 {'Mlo per rent of *10). Any I* s«*i»r«* hij^dirr 
than 11 eau be eonsideretl as u seore indieatiuir n diNtu iuiinatiw 
ehoiee aiul the threshold may he plaeed ht»re. Turtuuir fo the 
correlation siirtnee in <*hart I\' the ./■ valui* Mhsiauet" t‘orrt‘. 
spondin^ to j/- \\ is found. Dividinsr thi^ vain*' h> rhe total 
distance, a I)L of .Id is ohtaiuetl. 
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THPj OK (’IIANHUO OK “DlUVK” ON 

MAZK KKlv‘KOliMAN(’K' 


HY 

MKUl.lO nViWl HI*I,I()TT 


The experiitu‘iit here reported eonstitiites a e<»iititiun(ion of 
earlier studit^s” and tnaki's ns*‘ of tlu‘ same uia/e and jiretun’ul 
teelufKpie. Tht‘s«‘ stndit's are part (d* Ji proj^ram td* rest'areh the 
jremn'al objeet <d’ whieh is the analysis (d* motivation ami tht^ 
deterininat ion <d‘ its op<*rat i<»n in maze perfornianee. 

An (‘X[»erimtmtal <d’ dd rats wen* ^dveri one trial [>er 

day in th<‘ Toortt^en blimi mnltiple T maze*. Kor tin* first nine 
days the.s(‘ rats were ‘Mhirsty’*’ when put in tlie maze and wen* 
rewarded with wat4*r at the eml Ihih. On tin* ti*nth day and 
tln‘n*aner they were hnniirry (but not tldrsty i when put in tin* 
maze a.n<l were reward<*tl with a stamlanl mixed diet. 

A e<udr(d jirnmp (d‘ dl! rats remained on the tldrst ami watt*r 
r(*ward projrram thn»u} 4 :hout the traininij: period. 

The error data and tin* time <lata are depleted ^raphieally in 
fijirures 1 ami 2 respeetively. Tables I and ti prest‘nt tlie means 
repres(‘nl(*<i in the eurvf*s. 

In ordt»r to show the si| 4 rnifieane»* <d’ the differenees (»f the 
m(*a,ns (d* tin* two j^nmps tor tin* variotis days» tnhh* d presents 
for eaeh day tin* ratio <d' the <litTerenee (d" the means to the 

stamlanl <leviation of that dilTerenee ti.e,,^^^^^' ). 

^ ^ 

U vtMfMl, ijUImt nrhitnirih tn tin* inh’rnitl <’<tinruit»a 

from of fionl nr wator. 

« miiotf, Nt. It., **Tho MlTec't tif C’lmnao of Krvv.nrtl on tie* Mn/.e Pit 
formam'i' of UiUk, r/nr, Calif, CuUl, t*»iivhnl, {ItatHi, I ; la ItO. 

Mlliott, M. H., “The MfToft of Appr^ipr'mtrair'^^ of ttoward find at 
('<»at[jh*x IncoiU ivos on \tii/o PoidNirmune*', “ Ctttv. Calif, Cnhl, /\vi;Wio/, 
( lULT), 4 mi as. 

•‘‘“rhirnt”' and “huimor” aro ii'iod hh HvaononiiniM vvitfi “drtvo“ and 
imply nothing; a.s tt» niontal rontriU. 




TAHI.K I 

AvFji<.A(}K. Numbkk or KitiumH Pi-u iMv 


Days 1 2 3 4 5 (I 7 « « l« j ll | 12 | i:? | 14 j 15 | l« ; H 

Experimen- i ^ i i ! i • ; 

tal group.. 9.03 7.63 5.74 5.35 4 (Wa.lfl a (K) a (HI 2 02 3 I8j2 'iOjl 32U VM 47;l 32.1 4i;i *'0 1 21 

Control j i 1 I ' ! i 

group 7.94 6.66 6.03 4,31 3.28 3 38 2 56 1 91 I IH I 5«;l 31il IM;1 44| W l Hi t#rjl M\ H 


TAHI.K 2 

AVKRAdK Timk (Sfx’ONPS) Pku Hav 


Expori- I i ^ i ' i ' 

mental 423.9 176.2 107.6 103.9 82,1 74 2 70 4 61 7 66 0 81 7 48 7!47 7:45 2 38 3;4i *» »i* n 41 i' 55 ; 
group i I ■; I i ' 


Control 318.4 148.5 111.0 99.7 86.5 84.3 76 7 53 7 40 2 63 4 39 ajw 9i64 7:43 «:17 7 41 ijio ;;4*» 8 
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The elumjre in conditions on the tontli day caused an increase 
in the averajjre tinu» and errors of the experimental j*:roup which 
may be attributed to “expectation” of a reward unsuited to 
the new drive (i,e., hunger). As soon as the new and now 



Fig. 2 
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appropriate reward was diseovoretl, the leaniin^r <*i!rve resunu«d 
its downward eoiirse aiid eontinuetl just as thoujirli then* had 
been no ehanf^e <d‘ drive and n^wanl. 

It is eoneluded that rewards imiy he eha!i^t‘d witlnnit mate- 
rially atIVetinfr the learning curve, pr<»vide<l that the <[rive is 

changed so as to maintain an **a[jpropriate*’relationshipht‘f ween 
drive and reward. 
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THE EFFKOT OF 1)F(}REFS OF IIUNOFE 
UPON ^rilF ORDER OF EUMINATION 
OF LON(5 AND SllOirr BLINDS' 


BY 

K. C. TOLMANT, i\ U. IIONZIK, and E. W. KOIVINSON 


INTR(H)ir(^TI()Nf 

In an pxperiinpnt on the offpot of long^th of blind alloys in 
maze learnitij^, Peterson’*'*^ came to the eonelusion that ‘‘en- 
trances to short cula dr mv are eliminated more readily, other 
things equal, than entrances into lon^ ones.'^ White and Tol- 
man/*’'* in a further study of the same [jrohhun, came to the 
opiK)site eonelusion, nanndy, “that in e<‘rtain types of situations 
at least, lon^ hlimis and not short ones are eliminated first. “ 
Since it was ohjeete<l by Petersmd**’ “that thi‘ White-Tolmnn 
conclusion was based on otdy !M2 Hin}i:lt* errors of 14 rats/^ it 
wm deci<Ied to repent ihr experiment with a larger number of 
animals and with two types of maze, one in which the blinds 
were without elbows and one in which th<‘ blinds had elbows; 
ami, furtluT, to <h‘t(*rmine what effect difft^nmt <legre(^s of 
hunger might have on the relative eliminations of the two kinds 
of blinds. 


KXPKIUMKNT I. KhPOWLESS PhlNDS 
PltO(*KI)UHI5 

Apparatus and nn#mn/.v.— The maze us<nl in this first experi- 
ment was a “thre<‘-choice“ Ik^x with the true [)nth straight ahea<l 
and with the blinds oti either side {fig. 1). lUack <doth curtains 
were plactal at tin* <mtrance to each path so that tin* rats could 


I The invcilve<l In tin* enrrying out. of thiH rm*nreh wuh nimlf* 

lamHihlo by gra«t« from the Konearoh Hour<l of the UniverHity of (’tUifornin. 
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not see from the entranees the respeetive lengths of the two 
blinds or of the true path. The lonp blind eoidd he placet! either 
to the right or to the left. In each group of rat.s appro.ximately 
half the number were run with the long blind to the right and 
half with the long blind to the left. This was to eliminate any 



influence that walls and othtw physical features of the laboratory 
room might have toward favoring one hlintl more than the other. 

Two groups of rats were run, a hungry group ainl a less 
hungry groui). Each group contained 40 rats. Hut in <irder to 
compare directly the results obtained here in Experiment 1 with 
those obtained in Experiment II (in whi<'h there were 42 rats in 
each group) the data obtained in Experiment I have been multi- 
plied in each case by a factor, 1.05, to increase them for ea<di 
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^roup to what they presumal)ly would iiavo boon for groups of 
42 rats. Tho rats of tho hungry group woro fod sparingly, so 
that oaeh rat lost woight (4 to nO grams) during tho wholo 
oourso of tlio oxporimont. Tho rats of tho loss hungry grouj) 
woro fod suflioiontly to iuoroaso woight (n to 2tS griuus) during 
tho oxporimont. 

Tho rats woro of a mixod whito and blaok brood from tlio 
Dopartmont of Anatomy of tho Univorsity of (California: somo 
indivi<luals w<u'o whito, somo blaok, othors hoodod. Tho ditforont 
coat colors woro about tajually distributod among tho didVrout 
groups. Tho rats woro all malos, approximatoly throo months 
old at tho boginning of tho oxporiiiumt. and thoy had had no 
provious training of any sort. 

Trainhuj, -AH animals wt*ro first givtm a proliminary train- 
ing to aooustom tlu*m to running in alloys. This o(msistod of 
two runs a <lay for oaoh rat for f(uir days in a “straightaway” 
i>rovidod witii curtains, a starting box at one (*nd, and a food 
bo.K at tin* other. 

In tho (‘X[n‘rimont pr<»[M*r tho rats wore givt*n ono trial a <lay 
for fiv(* days in tho nunc<* as shown. Tho total daily food ration 
was givon each animal at tin* completion of tho day’s run. 

The <*ntranoos int(j tho hliinls woro rooord(*d as fol- 
lows; An (‘iitranco just beyond the curtain but no fnrtln*r was 
call(*d “long (blind) 1,” <ir “short (blind) 1.” An <*ntrano(^ 
halfway into tho long bliini was oallod “long 2,” ami ftdl 
ontranc(* into tho short bliml was onlb*<l “short 2.” A full 
ontranct* to tin* (*nd of tho long bliml was in<licato<l by “long H.” 
Finally, for .some of tho h*nrning ourv<*s all tho ontrnnc<»s into a 
particular blind, o.g., “long 1.” “long 2,” ami “long 2,” W(*ro 
lumpo<t ami oallod “long ontrancos (any <h*gro(*),” or “short 
onfranc(*s (any dogrot*).” 

In any givon trial there might bo several <*ntrano(*s into 
(‘ithor blind bt*foro the animal olnwo tho true path. Tho.so woro 
all inclu<h*d in tho <lata. 
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HRSlUiTS 

The total number of loiijr blitul eutranees (of auy defrree) 
plus short blind entrances (of any <U‘>!:ret‘) on «>afh day for the 
entire group was found an<l considered as 100 per cent. The 
percentage, on each day. of long entrances (of any degree) and 


TABLB I 

MA.Z15 WITU EH10WI.KSS Bl.lSIVS 



Hungry group 

hutigry gnmp 


Tor wnt 
long 
(nny 

ithnrt 

(any 

Hignin 

IVr riuit 
Utng 
(any 

IVr ct’fit 
nUort 
tnny 

Signm 




tlrgriH'l 



Day 1 

47.0 

5:^o 

5.5 

54.0 

45,4 

5.4 

Day 2 

43. 1 

50.9 

n.4 

52 0 

47 4 

5.0 

Day 3 

W. 1 

4.3, {) 

0 3 

08 5 

31 5 
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of short cntrance.H (of any degree) of this total daily number 
was then calculated. A similar procedure was carried out for 
“long 1” and “short 1” and for “long and “.short 2” en- 
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trances.^ These percentages for both the hungry and the less 
hungry groups are given in table 1. The sigmas of the per- 
centages are given immediately following the percentages.^ 

The first fact to be noted in an examination of these percent- 
ages is that no blanket statement which would hold throughout 
for all the percentages, can be made. Considering the hungry 
group by itself, we note that only in regard to ‘4ong 1’’ en- 
trances as compared with ‘'short 1” entrances is there an 
unmistakable preponderance of “long 1” over “short 1’’ en- 
trances, i.e., into the short blind there were fewer entrances just 
beyond the curtain. The same fact holds for the less hungry 
group, but with the further fact that in the less hungry group 
there were on each day more long entrances of any degree than 
short entrances of any degree, i.e., the less hungry rats made 
more entrances of any and all sorts into the long blind than into 
the short. This was not true of the hungry rats. 

Learning curves based on the absolute numbers (not per- 
centages) of entrances of any degree into the long blind and 
into the short blind are shown in figure 2, and similar curves for 
“long 1,’’ “short 1,” “long 3,” and “short 2’’ entrances in 
figure 3. 

Considering the curves of the hungry group by itself in 
figures 2 and 3, we note that there seems to be no significant 
difference between the long and the short blind for full en- 
trances, i.e., “long 3’’ and “short 2,” and for long and short 
entrances of any degree. In the case of partial entrances, how- 
ever, i.e., “long 1” and “short 1,” there are fewer short blind 
entrances than long blind entrances, and in this last point Peter- 
son’s conclusion that entrances to short culs de sac are elim- 
inated more readily than entrances into long ones, seems to be 
verified. This is true, however, only for this one type of 
entrance. 

2 Percentages were not calculated for ‘'long 2 *^ entrances since tljese 
were relatively few in number and had no corresponding type of short 
entrance with which to be compared. 

3 These sigmas were computed by the formula <r = See Holzinger. d) 

1 % 
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Comparinn 7iow the results for the huntfrif group with those 
for the /m hungrif group (fifrs. 2 and snmo inton^stinj? points 
appear. In the ease of ‘4onp: 1” ent ranees ais eonii)ared with 
''short 1'' entrances, and lon^ entraiuvs of any de^ret^ as com- 
pared with short entrances of any dejrree, we find tlmt for the 
less hungry group “long 1" entrances and long entrances of 
any degree are more numerous than the corn*sponding sh(U*t en- 
trances, Also, considering long entranct‘s by tluunselvt^s, we see 




that long entrances of all the three sorts, i.e„ 'Mong 1/’ "long 
3,” and "long of any degna*" are more ntimt*rous r<»r this less 
hungry group than those for the hungry group. Decreast* in 
hunger seems to have had for its vvsnli in every east* an in(u*(*ase 
in the number of long blind entrances an<l a small <lecrease (in 
two cases) of short blind entrances. In other words, it is with 
the less hungry rats that Peterson^ s dielum appears to hold. 
This fact that decrease in hunger cau.ses an incr(*ase in long 
blind entrances relative to short blintl entrances we vv<iuld e*x- 
plain, as previously sugge.sted by Tolmand’*' by the s<nnewhat 
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anthropomorpliic (or at any rate purposive) concept that de- 
crease in hunger increases random curiosity and that random 
curiosity found the long blind more rewarding than the short 
blind. 
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Fig. 3 


It is difficult to explain the exception seen in the case of 
“long 3’’ and “short 2’^ for the less hungry group where “long 
3’s” are slightly fewer than “short 2’s.'’ It seemed possible 
that the nature of the blinds might have something to do with 
this. To test this, and in order further to verify the other con- 
clusions of Experiment I, Experiment II, using a maze with 
elbows in the blinds, was carried out. 
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EXPERIMENT 11. BlilNDH WITH ELBOWS 

Pi«H‘wn-ui*: 

Apparatus and animahr-Vlic maze use<I is shown in fip:nre 
4. This maze had eurtuins just lieyoml the eU»ows in the hlinds 
as well as at the entranees to the hliiuls. As in the jirevious 



4 


the left. Approximately half the nits of eaeh j^nnip were run 
with the loni^ blind to the right ami half with the long hliml to 
the left, as in Experiment L 

The rats whuh* again all males approximately three months 
old, of mixed eoat color, an<l witliout previous training of any 
sort. The hungry and less hungry groups eaeli e<»nsisteil rtf 42 
rats. Feeding wius the same as in E.xperiment I ; losses in weight 
of the hungry rats, and gains in weight of less hungry ruts were 
similar for the two experiments. 
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Tramhuj . — The general traitiing proetMhire was the satue as 
for Experiment I, with the same preliminary training in the 
‘‘straightaway/’ hnt the experiment proper consisted of one 
trial a day for t(‘n days, instead of five days as in Experiment I, 
Data , — ■Entrances into the blimls were indicated as follows: 
entrance into the long or short blind just beyond the first cur- 
tain but no farther was called “long 1,” and “short 1,” respec- 
tively. Entrances to tlie end of the long bliml and to the end 
of the short blind were indicated by “long 11“ and “short 2.” 
And, as in Experimtmt I, entrances of any degree into the long 
or the short blind were lumped for some of the learning curves 
and were called “long entrances (any <legree) “ and “short 
entrances (any degree).’" 


ItRsiri/rs 

Perccmtages (»f “long 1,” ‘^long and long entrances of 
any <h*gree, cahndnted ns in Experiment I, are giviui in table 2. 

(^)usidering first tin* hungry group, it will be noticed that 
in the case of long entrances of any <h‘gre<‘ as compared with 
short entrances any <l(»gree the long entrances are more 
numerous on seven days of the ten, as contrasted with the similar 
group of Experinamt I which showtal a fairly eipial distribution 
of long-blin<l and short -blind entrances. Further, we notice for 
this group in reganl to the “long 1“ and “short 1“ entrances 
that tin* ord<*r lias been reversed, “long 1“ entrances being dis- 
tinctly fewer on nine <lays than the “short 1“ entrances. In 
■other wonls, Pet(»rs(jn’s conclusion, which s<»(*rued to be vtndficd 
for this type of entrance in Experiment I, is here controverted. 

With th(^ less huyujnj group (*f rats the outstanding fact is 
in regard to “long 2“ ami “short 2” entrances, the former being 
more numerous on nil ten days. This is a rever.sal of the results 
of Experimmit I and is most probably <lue to the different type 
of blind used in Experiment 11. 

Learning curves Imstal on the nl».s<»lute numbers of “long 
“long 2/’ and long entrances of any degree are shown in figures 



198 Univeraitij of CaJifoniia Publicaiiona in Psychology [Voi*.4: 


TARLK 2 
Mazb wmi Kutow 


lIuiiRry gmup 


Imimry gnmp 


Por cont 
UmK 
(tiny 


Day 1 “)1.4 


P«*r cent 
tihort 

(liny 


Day 2 

Day 3 

Day 4 

Day 5 

Day () 

Day 7 

Day 8 

Day 9 

Day 10 

All 10 (hiYH.. 


Day 1 

Day 2 

Day 3 

Day 4 

Day 5 

Day 6 

Day 7 

Day 8 

Day 9 

Day 10 

All 10 (layH.. 


P*‘r ri’fit 
‘Vhort I” 

(K).4 

m.i) 

mo 

(K) 9 
03,0 
05.2 


IN*r wr»t 
"lungli'’ 

Dayl r)6.2 

Day 2 r > l ,7 

Days SH.T) 

Day 4 r >().0 

Day 5 48. 5 

Day 6 (U.I 

Day 7 42.8 

Days .W.O 

Day 9 • r,5.r, 

Day 10 r>:i.H 

All 10 days .'5:1.7 


SiRntti 

; IVrofitt 
l«*nK 
(tiny 

4.2 

5:14 

5.1 1 

; 50 4 

0. 1 i 

■ 50 0 

7.3 

i 54 9 

0.0 

i 54 0 

7.5 i 

50 , 5 

8.5 i 

j 5S S 

11.9 1 

1 55 8 

S.2 ! 

55 0 

10 7 ; 

; 50 2 

2 0 

i 55 0 


Pi*r t'l'-rit 

.'•hurt 

(Hity 


P**r ft’itt 
"luttg I" 

4S 0 
45 S 
41 7 
45 0 
.•.o •> 


80 0 

10 3 

i 54 5 

(K),0 

15, 5 I 

1 58 3 

72.2 

10.5 ; 

I 43 2 

50.0 

17 7 i 

! 45 2 

03. 1 

3.2 I 

: 49 3 

Pit «’nt 

i 

• iVr tvtif 

"nhort 2** 

Siicntii ; 


43.8 

5 3 

^ 51 1 

48.3 

0 5 i 

58 3 

41.5 

7.7 

; m 0 

50.0 

10,2 

i 03 9 

52.5 

8 8 

! 58 9 

38.9 

11.5 

i mj 0 

57.2 

13 2 : 

i 04 1 

50.0 

15 8 ! 

1 59 7 


Prf fi’lit 
1“ 

52 0 

54 2 

55 3 
54 0 
47 S 
42 5 

49 5 
41.7 

50 S 
54 S 
50 7 

prr vrut 
".nhurt a" 

4S 9 
41 7 

40 0 
im 1 

41 I 
40 0 
35 9 

40 3 

41 S 
34 0 
40 S 



loao] Tolman et <ii.: Maze Performance of Rata li)J) 

5 and 6. Thes<* (nirv(\s are drawn in the siinu^ fashion as the 
corresponding' ones of Experiment I. 

Examining the curves Un* the less huntjry group, we observe 
that tlie generail conclusion from Experiment I as to the t‘ffect 
of decrcjising hunger is even more strongly supp(U’t(‘<l hy these 
results of Experiment 11. I^irticularly is the effect of deert'ased 



hunger upon increasing l<mg4)lin<l entrances apparent for the 
full entrances, “long This is what shouhl be ex- 

pected from the th<*ory, for if an <*xcesH of lotig blhnl <‘nt ranees 
is i)rimarily a product of rand<»m curi(»sity, theti blinds with 
elbows, an<l where the excess of the long blind is Iswond the 
elbow, should emphasize this phemimemui. 

An implication of the hypothesis advanced by White and 
ToIman^^“ would he that, if the rat is eery himyry, the longer 
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the blind the worse it is and the s<H>ner eliminaf<>d. This is 
borne out by the data for the /i ««<//•// jrroup on “lotifr I” as 
compared with “short 1” entrances, and on lonft entrances of 
any degr«; as compared with short tuitranees of any degree, 


Hun<^rY Group 




Duy5» 





the long ontranees being fewer in both easi*s. Ibtt this <lot‘s 
not hold for “long il” ns eompured with ''sh<irt 2“ I'nt ranees 
where the two sorts of eulrnnees are ahnut ecpial in nutubers. 
This exception may perhaps be explained by the (ibserveti faet 
that, once the rat peeped beyond the sec*<ind H.e.. the elbow) 
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is);)0] 

curtain of the loufr bliiul, lu* wn.s very apt to run to tin* oiid 
of that blind, then* boinjj: no clonrly visible obstruction. This 
was not the ease with the short bliinl where the end was appar- 
ently clearly visible, ojice the rat peeiusl beyond the curtain. 

On the other hand, the fact that eonsiderably l'ew*>r ut/e/u/ds 
were made by the hunffry rats to ejiter the lonff blitid thati the 
short bliiul, as is shown by the curves fitr “huttj I ” and "short 
2” (fit;, (i), arjrues stninjj:ly for the hypothesis, that for a hunjtry 
rat a lonf!; blind is mort‘ disajireenble tluni a short one and is 
therefore more readily eliminated. 

In or<l<‘r to daseover somethin>t about the .statistical sijj. 
nificance of the.se results in Mxperimejit II we w<irl{isl out the 
"critical ratio" for the followintr i>nirs of enlrauees; for the 
less hungry ftroup, "lontr :t” ami ".short 2,” and lontjr eiitratiees 
of any <teffree anil .simrl entrances of any liejtree; and for the 

huiiftry group, "long 1 " ami ".short ! " These ratios 

were calcidated by lin<iing the .sigmas of the means of the long 

entrances and <if the short enlrauees of grouj) of rats 

and ajijilyitig the usual formula. l>ue eonsitleraf ion was given 
to the fact that long ami short entrances are correlated in a 
particular group. The ratios follow: 

T.^lu.K a 

„ rriltteit 

hungry group: 

"'Long a" VH. ^'nhort ’j" *j77 

Long (any <i<*gnM») vh, nluirt (nuy «irgr«*»^^ 

Hungry group: 

“Long 1“ VH. '‘Hhort. 1“ 

It ap[u*ars that th<‘ <lirtVr«*ntM\s th*" uirtnLrpM nf tho 

pairs of oiitraums luontiontMl an* Phi largo to In* nviHntnUul for 
by [)un* eiuinoa. 
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SUMMARY AND CONCLUSION 

When the rats were relatively hungry there was not much 
difference in number between long-blind entrances and sht»rt- 
blind entrances in a maze with elbowless blinds. But whtui tht* 
blinds had elbows the long-blind entrances were fewer tiwui the 
short-blind entrances. If the rats were less hungry all entranees 
tended to increase in number, but the long-blind entrances 
increased more than the short-blind entrances. This gn*ntt*r 
increase was particularly evident when the blinds had elbows. 

To explain these results we suggest two complementary hypo- 
theses: (1) For hungry rats the long blind, sd7irc it causes mtu'c 
delay, is more disadvantageous than the short, and then fore 
tends to be eliminated first. This is 7nore evident in a< maze with 
blinds having elbows than in one having clbowless blinds. (2) 
For less hungry rats the long blind, offering inore opportunity 
for random curiosity, is more distracting than the short blind 
and therefore tends to he eliminated less readily. This reverse 
effect is also more pronounced in a maze leith blifids having 
elbows than in one with elbowless blinds. 
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THE EEFEOT OE liEMOVAL OP REWARD 
ON THE MAZE PERPORMANOE OP RATS 

UY 

HOHKRT HALT. BUIKTK 


VlimiAiM 

Rats wore trained in a maze with food as a reward, and on 
the eleventh day, and tliereafter, one group found no food after 
tlie run, wher<*as the nuuaining group found food throughout 
the experiment. The prohhmi was to investigate whether the 
removal of reward a(feete<I maze performanet^’ 

PUKVIOUS STPDIHS 

Blodgett ran hungry rats undiT non-reward eondi- 

tions. There was litt!<» apfuirent learning tintil the introduction 
of a Howard, when both tinu^ and error eurvt's immediately 
dropped. 

MlUott (192H) <diang<*d the reward from bran mash to sun- 
flower seed b(»for(» the maze was entindy h‘anu‘(L The error and 
time scores increase<l. 

Klliott with three groups of rats, changed the n^ward 

from food to water. Th<‘ first grou(>, very Imngry and also very 
thirsty, when the r(»war<l was changed from food to water show<‘d 
an increas<» in both time and <Trors, nrul thtm ndurned a[>pr(nxi- 
mately to their fornuT level of efllciency. The s<*con<l grouj), 
very hungry but (Uily slightly thirsty, when tlu* reward was 

J ThiH work w'jiH iioio* imdor the direethm of I^rofesHorH Wnrn<*r Brown 
and Bdw'ard (I. Tolrunn, who were <*Yer generoiiH with inlviee and eritieiam. 
I alao wish to thank Prof<»«rtor (teorge M. Stratton for help in preparation 
of the manu.seript and Dr. M. H, KlUtdi for advice concerning the nmz(t 
aiul th(» animals. 
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cliang'ed sliowed a rise in time scores. The third group, slightly 
hungry and very thirsty, when the reward was changed showed 
a decrease in both time and error scores. 

Elliott (1929b ) in another experiment, for nine days trained 
thirsty rats to run the maze with water as a reward. On the 
tenth day and thereafter, they were hungry (but not thirsty) 
when put into the maze, and were rewarded with food. On the 
first day of the change the error and time scores advanced 
slightly, but on the second day the rats^ performance dropped to 
its previous level. 

Grindley (1929), working with chicks, found an increase in 
the speed of learning with an increase in reward. Chicks that 
could see a reward but could not get it, improved for a few trials 
and then retrogressed. 

Hamilton (1929), also working with rats, found that a delay 
between the reaching of the goal box and the receiving of food 
retarded learning. 

Sharp (1929), in a study published after the completion of 
the present one, working with albino rats, found that when the 
food incentive was removed there was a marked disintegration 
of the maze habit. When the food incentive was removed and 
the number of trials per day increased, there was a variable and 
marked degree of disintegration. 

Simmons (1924) ran different groups of rats with varying 
combinations of motive and reward, and found that some of 
these combinations resulted in more rapid learning, in terms of 
errors, than did others. 

Szymanski (1918), varying the degree of hunger but keeping 
the feeding conditions constant, found that rats not hungry 
would make an imperfect performance even though previously, 
when hungry, they had made a perfect performance. 

Tolman and Honzik, in an experiment as yet unpublished, 
compared the maze performance of four groups of rats, varying 
the degree of hunger and the reward. One group, less hungry 
and not rewarded, did the poorest ; another group, hungry and 
rewarded, did the best. The less hungry and rewarded group, 
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and tlu' hunfri’y 5iit not rt'wardtHl }fro\ip, woro hot tor than tho 
loss huiifiry hut not rowardt'd {iroup, and pooror tlian tho hniif'ry 
aiul rowardod fironp. 

Tolinan, Ilonzik, and Roiiinson (lildO) oomparod tho hohavior 
of vory hungry and loss hnufrry rats with rospoot to lonf? and 
short blinds. Tht>y fonnd that lh(> nioro hungry rats tdhninatod 
tho long blinds oarlior, and tho loss iinngry rats olinnnalo<l thorn 
lat('r. 

Washburn (1!I2(!), working with mioo, <livido<l thoni into 
hnngor-drivon and aotivity-drivon groups on tho basis of gonoral 
lyorformanoo in nuining and roadino-ss to oat. Sho found that 
tho hungor-drivon group was bottor at avoifling bliinls than tho 
aotivity-drivon group. 

Williams (111211) ox|(orimontod with a “oonditionod” goal 
ohjoot. Sho tir.st taught hor rats to find fo(td in a hlaok-whito 
disorimination box. Sho thou ran thi'si- rats in a mazo and, 
whon tho mazo was partly loarnod, introdnood this box, but now 
without food in it, as tho goal. Those rats, whioh until thou had 
roooivtsl no rowanl, im|irovod thoir porformanoo for a fmv trials, 
but rovortod to thoir |>roviou.s poor lovol wlam thoro was no 
roihiforooinont of tho box as a rowanl ohjoot. 


I'lKK’l'lDUUH 

Tho mazo was a s<piaro with glass sides oovonsl on 
tho outside by brown {iai>or. It was uniformly lighted from 
above. Olfaetory ones were eliminated as far as possible by 
fretpuuit brushing of tho floor, whioh was oovorcsl with gretm 
oilcloth. Tlu' top was covered with wire mesh. lOaoh <mtor sid<* 
was ;)2t4 inclu's king and tho riniways and doors w<to 4 inches 
wi<le. The <loors wore made of tin; by an arratig'onnuit of judleys 
the exiierimonter could open them' before tho animal and close 
them after him. Tlu* f<illowing diagram (fig. 1) |)ro.sonts a i)lan 
ol the mazo, and als(t indi<*alos the arrangenu'nt <d’ the sli<ling 
food boxes with compartments for .six rats. By means of this 
arratig(*mcnt each rat c<mhl liavo its entire day’s feeding in a 
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compartment of the box. When the experimental group wa.s 
changed into a non-reward group, an entirely new box of the 
same specifications and material was used. 

Animals . — ^Untrained male rats were usetl, about half of 
which were albino and half were hocxled, all of them bt‘ing 
approximately three months old at the beginning <vf the experi- 
ment. 



Fig, 1 


itfefAod-Twenty-eight rat« %ven‘ tiw-d. Aftor (hr.*.. .Ihv.s of 
trainmg m a straight runway, so as to acc.usK.m thorn U* h.-ing 
handled and to receiving foo<l at the md of the run, fhi-y 
put into the maze. They were all given one trial ea<-h .lav. At 
the end of the run they found fornl in tlie hox an.l w.-re nih.we.l 
to remain there until they had consumrsl their «.sunl .lailv ration. 
The food consisted of wet mixed mash, a m.Klifleation of the 
Steenbock diet, and was supplemented about twice a week 
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tliroujyhoTit the experiment by a few lettuce leaves. Water was 
kept in the cages at all times. 

The rats were divided into two e(pial groups, an experimental 
and a control group. The experimental group was trained to go 
to one side of the maze and the control group to the other. On 
the eleventh daiy and thereafter, the experimental group found 
no food in the box, but they were subse(iuently fed, six hoiu'S 
later, in their cages. This grotip was cut from fourteen to twelve 
rats by the death of two from undetermined causes. On the 
twenty-fhir<l day, the afternoon feeding was omitted, and food 
Wits not given until after the trial of the following day. The 
fourte<*n control rats W(‘re f(‘(l in the food box throughout the 
twenty-six successive days of the experiment. 

I^corhuj.-’' In addition to the time scores, it was noted whether 
the animal took th<‘ long or short path to the food box, and also 
how muck excess distance^ was covere<l in reaching the box. In 
computing excess distance th<‘ maze was divided into eight sec- 
tions, two on <*ach of the four sid<‘H. If the animal made the. 
correct turn at tin* start, <rKl not retrace, and iimm^diately 
entered the focal box, it cov(*red two units of maze with no 
excess distance. If the animal took the wrong turti at th(» start, 
taking the long route to the foo<l box, it would cover six units 
of mazA four units of which wouhl he excess <listance. This 
measun* kt‘pt account of all retracing. If an animal went into a 
unit the length of its body, or more, a half-unit was sconal; if 
it went mon* than halfway into the unit, a full unit was counted. 
By inspection of figures 2, 2, and 4, and table 1, it can he seen 
that the pcrccmtage of long and short paths taken is a rough 
and less pn‘cis<‘ mt^asure of approximately the same thing as 
excess distance. Both measure the ‘‘knowledge of the maze,” 
hut th<* measure of exc<*ss distanct* also takes into consideration 
the. c.ontinu4‘d s<*arching activity of the organism. 
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EESULTS 

For the first eleven days both {yronps sliowed the normal 
learning curve. In order to determine whether the two group.s 
were comparable, the mean of each group for the eleven days 
preceding the removal of I’eward was calculated, and the difli'i- 


Lxcesa Experimental Group 



enee between the means of the two groujis was tested to .see 
whether it was significantly ililferent from zero. This was dime 
by dividing the difference by its stamlard deviation, i.e., 

yielded a value of .522. This value, the eritienl 
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ratio, indicates that the difference between the two groups can- 
not he considered to he a significant difference, and hence they 
can he considered comparahle. On the eleventh day the experi- 
mental group found no food in its hox. This change was fol- 
lowed for three days by an increase in time, in wrong turns 
(i.e., long routes to the food box), and in excess distance. Fig- 
ures 2 and 3 show this graphically. That this change is sig- 
nificant is shown by comparing the critical ratios for the three 



days preceding the removal of food with that of the three days 
following. The pooled scores for the three days preceding the 
removal of reward show a critical ratio of difference between the 
experimental and control groups of .161, which indicates that 
the difference is not significant; and, for the three days follow- 
ing, they show a ratio of 3.20, which indicates that the difference 
is significant. It is interesting to note that for the three days 
following removal of reward the excess distance becomes larger 
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on each sueceodin" day. Evidently the chancre is not a tempo- 
rary one caused by an emotional npset, or by a different food 
box. Inspection of the scores indicates that the rise is due to 
the fact that more rats are searching: the ma^se for reward, that 
is, 7nore rats are 7'eacting to the box now as a non-reward box. 
After a drop on the fifteenth day the curve of excess distance 
rises aj 2 :ain to reach its peak, and then begins to decline slowly. 
This slow drop continues until the twenty-fourth day. Inspec- 
tion of the individual records indicates that the animals, after 
displayinjJT ^^searchinp^ activity” for two or three days, run about 
less in the maze and into the box more readily. 

On th<* twenty-tliird day the experimental group was not 
fed. This was done to test the assumption of the experimenter 
that the animals w(^re r(»ally reacting to the box now as a non- 
reward box. It was held that by adding a twenty-four-hour 
period without food the rats would be tnore hungry, and if they 
were reacting to the box now as a non-reward box they would 
enter it less and run about more in the maze, and so would show 
more (excess distance. If, on thc‘ other hand, there were a 
normal tra])ping time,” i.e., if, after some running about in the 
maze they w(‘r(» to go into the food box and be trapped and if 
they wen» not ix^icting to the box as a specific non-reward object, 
there would be no reason to expect any change in the score. 
After the added tinu‘ without food the excess distance score did 
jump to a !iew level of 22.5 units per rat, and the time score 
showed a corresponding increa.se of 2H(5.(5 seconds per rat. This 
supports the assumption that the rats were reacting si>ecifically 
to the box as a non-reward box. On the twenty-fifth day, as an 
add(‘d variation, the rats received a double portion of food; and 
they had not entirely consumed this when put into the maze on 
the twenty-sixth day. This was done in order to add a third 
degree* of hung(*r, approximately zero, to the two <legrees already 
investigated, ‘Oumgry” and *‘doubly-hungry.” The excess dis- 
tance score show(*d no significant change, but the time score 
jumped to a n(*w lev<*I, an average of 400.58 seconds per rat. 
This is in ngrecm(‘nt with the work of Szymanski summarized 
above. 
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When the curves are analyzed it seems possihli^ to say that 
from the animaPs point of view there are at h^ast thrt*e 
lems’^ involved. The first, from days 1 to 11. is that <d* h^aruiug 
the maze, with food at the end; the second, from nvpvt^xinuiMy 
days 11 to 16, is that of learninjr to react to the box as a nou- 
reward box; and the third is that of h^arninjr to reat*t to the 
whole maze as a non-reward maze. The secoiul “pn^hlem Ls 
learned much more rapidly than tlie othtn* tW(». lly mtutiticatiou 
of the animaPs himgrer state we ^et varyinj^: n^uctions to the 
second problem.'’ 


SUMMARY AND (U)N(M.USI( )NS 

1. When the reward was removed aft«‘r a traininit fteritnl 
in a square maze, there was a si^niticanl imTcase in distance 
run and in time. 

2. After continued running of the mazt* withtnd r<»i*eivinp: 
food, deprivation of food for fortydwo hours in.stend of tlu* 
usual eighteen caused a lar^e increase in excess distane** aiul 
in time. 

3. On the basis of these results it is suf?j^^est«*d that tin' rats 
had learned to react to tin* box lus possessiusbr the sjiecitic- <»har- 
acter ‘ ^ non-reward. ' ' 

4. These results and those of Hlod<;ett atnl (»f Hlliott 
evidence that time and errors, which are the usual criteria <»f 
‘learning," are seriously afftsded hy rt'wnnl and hurn^'t'r eom 
ditions. 
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TABLE 1 



P(^rflontaRC of rnts 
tukinf; lotif; paths 


Group 

ouo 

(oxpori- 

luoiital) 

Group 

two 

(control) 

.3S5 

.787 

.615 

.429 

.075 

.429 

.333 

.535 

.416 

.29 

.416 

.429 

.666 

.571 

.333 

.29 

.333 

.213 

.25 

.29 

.333 

.213 

.25 

.29 

.333 

.29 

.834 

.213 

.416 

. 138 

.666 

.50 

.666 

.355 

.50 

.355 

.416 

.066 

.606 

.429 

.50 

.29 

.333 

.213 

.584 

.213 

.584 

.213 

,666 

.213 

.584 

. 138 
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“INSIGHT” IN EATS' 


»Y 

E. C. TOLMAN and (1. H. IIONZIK 


INTRODUCTION 

a niay.e Hiijn^estod by tho senior writer, II. IL Ilsiao^'^' 
<*on(luGte<l an (^xperirtient designed to show whether or not rats 
were capable of grasping **a material, inner relation of two 
things to each otlu^r.’* More specifically, Hsiao’s object was to 
discover whtdher a ra.t can get the ‘‘insight” that two paths 
have a. common secti<»n that, if the common section is closed, 
both of thes<‘ paths an* us<*l(‘ss and that only a third, alternative, 
path not incliKling tliis c<mimon section remains as the proper one 
whereby to n*ach th(* goal. Hsiao ol>tain(‘d what H(*emt*d to be 
])ositive results, but since these W(*re based on only three rats, 
it was thought desirable to rep<*at tlie experiment with a larger 
number of animals. 

KXPKRIMKNT I (MAZK I) 

Apparaluit and mrfhoiL mazt* used in the first experi- 

m(*nt is shown in figure 1. In principle and in general shape it is 
essentially the sanu* as that used by Hsiao. It pr(*s<*ntH three 
paths to food, numbered 1, 2, ami 2 in order of increasing length. 
Furth(‘r, fiaths 1 and 2 have a common final section which is not 
common to path 2. The principal diflTerence lH*twe(*n tlu^ pr(*s(»nt 
maze and Hsiao’s is that the final common secti<ni is now longer. 

1 Th(^ coHt of thin invontigalion wuh met in hirgt* part ly grants to 
J)epartment of Psychology from the HeseareU Hoard of the lJuiversity of 
Oaliforniu. 
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The maze was eoiistrueted of mipainted redwood. 'Phe alh'ys 
were 4 inches wide, the walls 6 inches hiprli. The tops of the 
alleys were covered with mesh hardware cloth. The live 

gates indicated in the figure were also made of the same hardware 
cloth. These gates were pivoted at the bottom and slanted 
upward away from the rat. The upper (‘<lges of the gates were 
held by rubber bands against the covers (d‘ the alleys. The ten- 
sion of the rubber bands was such that the rat by stepping on a 





Ki/iir* Mn/.i* UMi’d in Hj£{HTinn*nt I 

frate would, by tlio fom» of his wtujrtd, h(» ahlo push tin* 
down and pass over if. ()ru*o tho *!:ato would swin^x up 

behind him and rctracinjjr was provcntoil.' 

The entranee to tmeh path e(mhl In* (*lost*<l by a slidiuj^y d(»or, 
made of beaver hoard. 

(tvnrnil proved inr. The puioral eoursr of tin* **xporinn'Ut 
ean be divided irdo two perhnls: <I i a pniionnorp trainintj 
period so as to ae(i\uiint the rat with the fejitun*s <»r the maze ami 

- l<\n* a nu>r<* dt'tailed deMrriptnm of tfiis tv pi- «if gat**, ''rohnun, 
Tryon, and dtdTiTss.**' 
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develop a stronf*: protVroiiee for Path 1, a somewhat less stronpf 
preferenee for I^ith 2, and a weak, or no preference for Path 3;‘* 
and (2) a. final ivat pt'Hod in which to discover whether, when 
the swinj^in^ door at tln^ end of th(‘ common section to paths 1 
and 2 is locked, tlie rats, upon retracinjjj out of Path 1, will then 
have the “insijjrhf’ to avoid Path 2 and take Path 3 directly — 
and this in s[)ite of the fact that, in the [)reliminary trainiufi:, 
when the first ^ate to Path 1 was locked, the rats were in the 
habit of ^oin^ directly by way of I^dh 2 and avoiding Path 3. 

For (*ach run, wlndiier in the preliminary training period or 
in the final t(»st p(*riod, the rat was ^iven about 2 jj^rams of a 
modifi<Hl Stetmbock mash. After tln^ last run for the day the 
remaindt*r of tlu‘ <laily ration was ^iven in the rat’s livinjiT caj»:e. 

The <‘xperiment was carrie<I out with two < 4 ,‘rou[)s of rats, 
(iroup A and (Iroup P, the spcadal conditions and n»sults of 
which will Ih‘ [UV'stuited st*parately ami in more d(‘tail below\ 


(Ucopp A 

Animals, (Iroup A c(msis(e<l of 10 maU* rats of a mi.K<‘d bre(‘d 
obtaine<l from th(‘ I)e[>artment of Anatomy of the Pnivtu’sity of 
(’alifornia. Xim* of the rats w<*re whit(% one hooded. Th(‘y were 
from three to tour months <iUl at the bejji:innin^ of the experiment. 
Non(‘ of tlnun had ha<l pn^vious traininjj: of any sort. 

Pnliminarif /ro/a/a//. The preliminary traininjj: consisted of 
(i runs each day for la days, makinjr a total of f)0 runs for each 
rat. Th<‘ first thn*e runs (*aeh <lay were “fcuvtal runs,” i.e., by 
bloekinij: suce(»ssiv(‘ pairs of the three i)atlis th(‘ rat was forced 
<lown each of the Ihna* paths (nice. Tb(‘ rcnnainin^ thn‘e <d' th(‘ 
six <laily rims w<‘n‘ **rn*e,” i.e., by hmvin^ all the patlis open the 
rat eouhl elioos(* a path accordinji: t<» his prefert*nce‘,‘ 

•'» Mjiny previous <'Xj»crinM*iits ltnv<* that, wluoi an 

alt(‘rnativt* I»<‘t\Vi‘<‘n a lan^ au<i a Kloirt path lo Hajd, a rat will roau* to 
chooKo (*onHiHt('at 1 y tlo* Hh<»rt<*r path: l>o(’nnip**» ; V(»Hhi(»Ua< “>» ; 

HIo(lg<*tt‘ > > ; IlHaio.* o 

For thf iMv<*ation of this audliod of * M’orfotl, ’ ’ folhiwtal hy ‘M’roo,” 
rims wo an* iadotitod t<» ^*oshi<»ka.‘’o 
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The results of the preliminary training!: were as follows: 

Forced runs: These were distributed equally, l>y virtue of the method, 
into the three paths, 150 runs in each path. 

Free runs: l*ath 1 — 300 
Path 2— SI 
Path 3— 00 

When the rats had a free choice, it was evidtuit that by far the 
greatest preference was for Path 1. The jireference for Path 2 
as against Path 3 was not gn^at, and is roughly measunHl by the 
proportion 81 to (>(). 

Test period,— Six ‘insight” or test runs were given on the 
sixteenth day. The two gates in Path 1 wtTc h‘t down, per- 
mitting return. Each rat, as woid<l he exp<*et(‘d from the train- 
ing series, immediately took Path 1. Finding himself blocked 
at A (see fig. 1), he was forced to return to the starting point 
(the second gate in Path 2 was not lei down an<l this pn‘v<mted 
his retuni by way of Path 2). lie was then free to tak<» (dliu*r 
Path 2 or Path 3. 

Test 7rsults,— 0x1 the first insight” run, 4 of th<‘ 10 rats 
after returning out of Ibith 1 avouled Path 2. On the second 
'^insight” run, 3 of the 10 rats after n*turning out of Path 1 
avoided Path 2, On the third “insight” run, 0 of tht* 10 rats 
after returning out of Path 1 avoided Path 2. On the remaining 
three runs all the rats luul learne<l not to take Path 1, hut ran 
immediately into Ibith 3, or else in a few east*s ran tirst into 
Path 2 and then into Path 3. 

Since only 4 of the 10 rats avohhMl Path 2 on the first 
“insight” run, it was obvious that th*» results fr<uu this gr<mp 
were negative, part<icularly when we e<»nsi<ler that not all these 
4 rats avoided Path 2 on their second test run. 

(UtoUP H 

Aninuils . — Oroup B consisted of 11 mah» rats, also (»f varying 
color, three to four months of age, and without previous training 
of any sort. 
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Preliminary training, — The. preliminary training* consisted of 
6 runs a clay for 14 clays. The first three runs each day, as in 
Group A, were ‘‘forcuHl/* that is, one in each path. The next 
thrcH* runs were ^M'ree.” In the last three of the nine daily runs 
the entrance to Ihith 1 was closed by the sliding door at its 
entrance, so that tiie rats had to choose directly between Path 2 
and 3. 

The rc^sults of the preliminary training were as follows; 

run« (hocoikI throe): Path 1 — 204 
Path 2— .211 
Path 3— 47 

Last throe ruua (ohoiee hotweou patha 2 axid 3): 

Path 2—343 
Patii 3— cm 


The preference for Path 2 as against Path I) is cpiite evident in 
both types of runs, tile ^M’ree” and those where choice was 
restricted to l^itli 2 or 2. 

Test ••The insight” runs wctc givcui on the fifteenth 

day. As in Group A th<» two gatcss in Path I were let down to 
jiermit ndurn. To prc‘vcuit tlu* rat from taking Path 2 or 2 
immediately witliout going first into Path 1, tlm entranc»c to 
Path 2 was closcul and not opened until the rat luwl enterc*d 
Path 1 as far as the Idoek at A. 

The results of the lest runs were as follows: 


luHight ’’ run 

1 

o 

3 

4 

Ct 

0 

7 


N(». of tho 1 1 ratH that 
a VO Mod Path 2 
I 
1 
o 

a 

7 

i) 

5) 


The r(»sults an^ again n<»gative. 

Th<‘ facd. tiiat all but 2 of the 11 rats avoided Path 2 on the 
si.Kth and s(‘venth runs do<*H not indicate “insight” in the sense 
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in which wc wish to use the term. For it appears obvicnis that, 
after having several times found themselves blocked by taking 
Path 2, the rats would harn to avoid this path. Their subse- 
(pient avoiding of Path 2 is, then, mere evidence of “trial and 
error’’ learning and does not indicate any grasp of the fact of 
the common section to [)aths 1 and 2 previous t(y their first 
experience of the block in Path 2. 

EXPKRIMKNT 11 (MAZE ID 

Apparatus and rondif ions.— In view of tlu‘ negativt* rt^sults 
obtained on Ma;ce I it was (h‘ci<led to try a ma/.t‘ in which tlie 
choice between paths 2 and 2 would re(|uirt‘ a larger niovtumuif, 
that is, a turning througli hO*' to the right or left (fig. 2K 

A group of 11 mal<* rats, also <if mixe<l breed ami without 
previous maze training, was run in this maze. 

PrCiminanj fraininy. Tho preliminary training consisted of 
10 runs a day for 12 days. F<u’ the first two days the first thr<*<* 
of the ten daily runs were “forctsi,” as (»xplaimMl abovt*; th<» 
remaining seven runs wen* “fn‘e.” By the end (d' tin* st*eond 
day’s running all tin* rats luul begun to show a decided pn*f«*?- 
enc(‘ for tin* short(*st [lath, viz., Ibith 1. Then‘f<»re, after tin* 
second day, only two runs daily (ami these not in imim*diate 
succession) W(*n* p(*rmitted over Ibith 1 ; in the remaining eiglit 
of the t<‘n runs Ibith 1 was closed by a wire netting set !l inches 
back from tin* entrant*, the wire gate at this entrance being let 
downi by removing' the ruldier band. Thus the rat, entering 
Path 1 according to his first preft*renee, buiml himself blocked, 
had to turn and retrac<», and then to choose Path 2 <u* M, This 
sort of retracing from Path 1 had the advantage (»f being similar 
to the “insight” run its<»If in which, h(»Wf*ver, the retracing is 
from the block at A. Thus b<»th in the preliminary training runs 
and in the test runs tin* rat retraces out <d’ Path I, but, altlumgh 
in the training runs the rat has learmsl then t<i take Path 2. in 
the test run he must take Path 2 in order t<» shtuv “insight.” 
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It is not meant to imply that the rats invariably entered 
Path 1 wlum the wire-netting bhudv was in place. On the con- 
trary they learned to look into the alley without entering}: and to 
choose Path 2 or immediat<‘ly. This propensity, however, was 
somewhat counteracted by the two runs daily into Path 1, which 
had the efft^ct of keepinjj: the rat familiar with this path atid 
inducing: him to try it fre(iuently. 


liC«| \M.K 



Rrsnlls of Imininn /annd.— Then* was a total of hOl runs 
with I^itli 1 blocked as d(‘.scribe<l above. Of these runs, 702 wen‘ 
made by way of Path 2 and 1*M) by way of Path 2. We fiml a 
consid(‘rabIe prefenmec* for rbith2 asayrainst Path 2, and it is this 
pn‘f(‘nme.(‘ or habit wldeh must be overcome on tlie “ insifcht” run, 
when th(‘ block is put at -1, if “insight^' is t(y b<* demoiist rated. 

Teat period and its rrsalis, -On the fourte(‘nth day 5 “in- 
sifi^ht’’ runs were |jriv(m. The results of tlusse runs are as follows: 
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Insijyht ” run 
1 
2 

4 


No. of tho 1 1 rats that 
avouU*<l I^ath 2 

i» 

4 

8 

8 

() 


All the f) rats that avoided Path 2 on the first run blundered 
into Path 2 on the second run. Of the (5 rats who did not avoid 
Path 2 on the first run, 4 avoided Path 2 on the second run. No 
rat avoided Path 2 consistently. It is clear that a^aiii ** ixisi^ht” 
cannot be inferred from the results. 


EXPEIUMKNT III (MAZE III) 

It now seemed possible to the writers that the situations pn*- 
seated by the two num\s 1 and II were not simple emuiirh For the 
animals to show insij^ht.” A third maze was therefore built. 

Apparatus and methods , — This maz<* (fig, 2) was of the ele- 
vated type first used by JMiIes.‘*'’ Tlu» rails, or runways, w(*r<* 
1^4 imdies wide, and 20 inches alxjve the floor. The j^ate in 
Path 2 was inserted in a short tunnel and was similar to th(» jrates 
used in the other mazes. Its purpose was to prevent return by 
way of Path 2. The blocks used to prevent eutrartce upon any 
path were of wire netting mounted upon a strip <if w<shI fitted 
over the rail. 

(iuotrp A 

AnimaJs . — The rats, 15 in n\imlH*r, used in this jxroup oti this 
maze were all males of mixed bn*ed, from five to eig-ht months of 
and luul been previously run in an e.xptTiment on inherit - 
anee^^^ for 21 days in a 17 unit T-maze. An interval of six weeks 
elapsed Ix^tween that running’ an<l the present experiuMuit. It 
may well to emphasize that the maz<‘ in whi<'h the rats had 
their first training was an automatic self-recording maze’*’ of the 
ordinary T-type, set on the floor, wdth 5d*ich walls and 4 inch 
alleys, and was thus of an entirely different kind fr(un the ele« 
vated one used in the present experiment. 
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Prelhninanj tminhuj period , — Days 1~8 (twelve runs a day). 
By the end of the first day preference for Path 1 was evident, so 
that thereafter 10 of the 12 daily runs were with Path 1 blocked 
at -I (see 3). As occurred in the case of Maaie II, the rats in 



3. Mu'/.t* uHod in Hxp<‘rinu'nt ill. 

this nia 2 ;e also I(*arncd merely to Icmk toward block A and make 
th(» choice lM*tw<‘en paths 2 and 3 immediately without entering 
Path 1 at all. 

Hpecial <*fTort was made to pr(*vetit such immediate choices, 
for the foltowiuM: reason. In the ** insight or test runs (with 
the block at R) the rat is forced to turn and liead back toward 
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the startiiij): point; the behavior of the rat <ui 1 in the train- 
ing runs should be siniilar t<» his behavi<»r in the insipfht'' runs 
in this respect, that the rat, in the traininjr runs, should itiake 
his choice of Path 2 or Path 2 while ht‘adt‘d back towanl the 
startinji: point. In this way the traininjr runs are tnade to clitlVr 
from the “insight'’ runs <udy in the i)osition of tin* Ivloeks. In 
the traininjr runs the block is at .1, in the test runs it is at IL 
The choice between paths 2 and 2 is madf% therebm*, in both 
training!: and test runs after the rat has been st<»ppe<I and has bt'en 
turned back, hut tlu‘ choict‘ in the test run must Ih‘ <litTt»rent fnuu 
that of the training run if it is to show ‘'insijrht/' In <u*d(‘r to 
induce the rats to atttunpt Patli l, at least two runs t*aeh <lay were 
jriven over Path 1, with no bhiek at >1. Kmuvinfr that he had 
mad(‘ a successful run over Path 1 recently the rat was more 
likely to try it afrain. Put this was not tmtirely successful. 
Ponse<|U(m1ly, still anotluu' method was tried. Kt»r the wirt»- 
nettin^ block at -1, one made of a piece <d’ clear window ijrlass 
was suhstitute<l on the f<»urth <lay. This was etmsiderahly less 
visihh‘ tlian the wire block. This im*th<ai was ellfcctive for a tiim*, 
but a^ain the rats learned to s(*e the jjrlass and not to apfiroach it. 
As a last ivsort, rats that <lid ti<»t approaeli the block at A volun- 
tarily were forctsl to <lo so by blocks placcil at P anti /). Pintlin^ 
paths 2 ami 3 block<»d the rat ran to blttck .t, The blticks at 
C and I> w<*re then ((uickly and «|uietly renmvtsi whih* In* was still 
facing toward block A, and <in his return he chttst* cither Path 2 
or Path 2. 

Days 9 i:i (twtdve rtins a day). On the nitdh tlay tif the 
training periotl a new type of run was iiitrtMluced. This (‘on- 
sisled of moving the bl(»ck *l <»n Ibith I torwani fnun tin* ptunt 
A to the point ami setting up als{» bh»ck //. With tliis arranirc- 
ment the rats nin to the bbick at had ttt retrace and then 
choose Path 2 or Path 2. If Path 2 was chi^sen the rat butrid 
hiimself blocked a^ain at H, To permit him to retunt to the 
startinjr point a^ain the bhick at P was quietly removed while he 
was facinjc block H, Ilavinjr returned now to the starting p<unt 
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the rat could then take Path 3 or blunder into Path 2 by way of 
which he had just found himself blocked. It is interesting to 
note that the first time this type of run was given all the 15 rats 
chose Path 3 on the second return to the starting point; and 
thereafter very few mistakes of taking Path 2 a second time 
were made. 

The defect inherent in this sort of run is obvious ; it is very 
much like the ^ insight” run which was to follow later and may 
be considered direct training for that later run. It is therefore 
important to emphasize that each rat had only 12 runs of this 
sort, that these runs were distributed over 5 days (average of 
2 a day), and that the runs were interspersed among 65 other 
runs which each rat had during these 5 days. The fact that 
the runs were few in number and were scattered among other 
runs led the experimenter to believe that their training effect 
could not be great. Further, it should be noted that block B, on 
this run, is encountered not by way of Path 1 ( as in the ‘ ‘ insight ’ ' 
run) but by way of Path 2.® 

The advantage of this run and the only reason for its intro- 
duction is this : If the rat had never before encountered the block 
at B, his first encounter with it in the test or “insight’’ run might 
conceivably cause considerable confusion, a factor we wished to 
minimize. Therefore, some acquaintance with block B was 
thought advisable, not by way of Path 1 but by way of Path 2, 
as just said. 

Besiilts of training period . — There was a total in all 13 days 
of training of 1357 runs with block A in place. We ask now how 
many times was Path 2 chosen and how many times Path 3, since 
this will tell us how strong a preference there was, or how strong 
a habit was formed, for Path 2. Of the 1357 runs 1229 (90.57 
per cent) were by way of Path 2, 128 runs (9.43 per cent) by 
way of Path 3. The preference for Path 2 could hardly be much 
stronger, especially when we consider that more than half of the 

5 A later control group (see below, Group B) without the introduction 
of this special run gave exactly the same sort of results as did the present 
group. 
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runs over Path. 3 were made in the early part of the training 
while the animals were incompletely familiar with the maze. 
There were also 171 ''forced’’ runs over Path 3, paths 1 and 2 
being blocked. 

The number of times each rat took paths 2 and 3, when the 
block was at A, is given in table 1. 


TABLE 1 


XRat 

Path \ 

H58 

H65 

! 

W56 

W53 

j 

W59 

H64 

W74 

W50 

W60 

B51 

H53 

W22 

W29 

W55 

W16 

Total 

2 

84 

83 

87 

78 

73 

78 

84 

80 

86 

81 

73 

73 

88 

84 

82 

1214 

3 

5 

6 

10 

8 

13 

8 

3 

3 

3 

14 

27 

15 

1 

6 

6 

128 


Test' period . — The "insight” runs were given on the four- 
teenth day. The results are as follows .* 


^'Insight ’’run 
. 1 
2 

3 

4 

5 

6 
7 


No. of the 15 rats that 
avoided Path 2 

14 

13 

10 

12 

11 

12 

13 


The first "insight” run must be considered crucial since after 
this first run the element of training enters. And for the first 
"insight” trial, 14 of the 15 rats responded correctly, taking 
Path 3 immediately in spite of the strong preference and habit 
for Path 2. 

Taking the number of errors made by individual rats during 
the seven test runs, the results are as follows : 

In 7 runs: 1 rat made 5 errors 
3 rats made 4 errors 
3 rats made 1 error 
8 rats made 0 errors 
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More than half the rats made 7 perfect rims. Only one rat 
made an error on the first test run. The. others made errors on 
later runs, notably the third. The fact that 6 rats chose the right 
path, viz., Patli on the first test run and made errors on later 
runs may Iw explained by a temporary reassertion of, or lapse 
into, an old habit. 

If th(^ taking of Path 2 or Path 2, after return from block 
were a matter of pure chance similar to the tossing of a coin, the 
})robability** of 14 out of 15 rats taking paths 3 and 1 rat taking 
Path 2 would be .()()()4(). The actual result of 14 rats taking 
Path II and 1 rat taking Path 2 on the first test run indicates, 
thend'ore, a very decided ‘‘loading"' in favor of Path 2, in spite 
of the fact that the “loading” during the training period was 
just th<‘ reverse, viz., in favor of l^ith 2. 

Evlraining and aUvrnatvd runs, — On the day following the 
tt‘st runs, viz., the fifteenth, the ordinary training runs were 
resumed, 10 of the 12 runs on this daybeing with the block at A, 
On the sixt(‘enth day 11 runs were given, and these were as 
follows : The first four runs were “insight” or test runs, the next 
two wen* training runs with block at A, then four more “insight” 
runs, and finally one more training run. Thus, for the entire 
groui) of 15 rats there was a total of 120 “insight” runs, and a 
total of 45 training runs on this day. For the training runs with 
hlo(*k at A tin* taking of Path, 2 was called an error, since Path 2 
was open and was tin* shorter path. In the “insight” runs the 
taking of Path 2 was as usual called an error. The errors were 
as follows : 

In the ;i20 ruiiH — IS errors 

In the 45 t ruining ruriK— 4 errors 

hi tht‘ “insight” runs we may say that each rat made an 
a.v(*rag(‘ of om* error in H runs, while in the training runs each 
rat ma<le an av(»rage of oiu^-fourth of an error in 2 nins. 

This remarkahh* ability to adjust correctly to changing con- 
ditions sugg(‘sted the* idea of alternating the blocks between A 


« This has been caleulated by the point binomial: see llol//mger.(‘’0 
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and B on successive runs, i.e., one training' nin with block at - 1 . 
the next an “insighf’.run with block at B, the third a training 
with block at A, and so on. This was tried on the seventet*nth 
day. Eleven runs were given, 6 being training runs and 5 test 
runs. Counting errors as above, the results were as follows ; 


“Insight” Truining-run 

errors errors 

10 rats 0 0 

1 rat 2 I 

1 rat 0 2 

1 rat 1 

1 rat 3 0 

1 rat 1 0 


In these alternated runs both the glass and the vvir(‘-nef ting 
blocks were used, and their positions were alterna.t<‘<l h<‘tvv(‘en 
points A and B. For one run the glass block was at H, th(‘ \vir<» 
block at Aj and for the succeeding run the glass block was put at 
A, the wire block at B. This was to cheek the i)ossibility tliat tin* 
rats might have become conditioned to the nature of tlu‘ blocks, 
the glass block being a sign for Path 2, the wire block for Path .*1. 
The alternation of blocks caused no change or confusion in the 
behavior of the rats. Their behavior gave uninistakabh* (‘vhhuiet* 
that they had grasped so well the relation of th(» paths to (*aeli 
other that they were able to take the right path whenever either 
block was placed. 

GROUP B 

To ascertain the possible effect of the twelve sptanal runs |H‘r 
rat which were introduced during Days 9-13 with ({roup A. viz., 
the runs with blocks at E arid B, which might jierhaps have been 
direct training for the ^dnsight” trials, another group of 10 male 
rats of mixed breed from five to eight months of age an<l witlauit 
previous training of any sort was given training for 14 <lays, 
but- without these blocks-at-jE7-and-I:? runs. Ot}ier\vis<‘ flu* g(*n<*ral 
conditions were the same as for Group A. 

Results of training period , — There were for the entire groiq) 
of 10 rats 1178 runs with Path 1 blocked at .1. Of tliesc 11 7s 
runs, 1081 (or 91.77%) were over Path 2, and 97 ) over 
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Path 2. The protVreiUM' for Path 2 as a}2:ainst Path 2 is obvious 
and is even stroiifrer in tiiis jjroup than in the previous Group A. 

The numlH'r of tinu's each rat took paths 2 and 2, with the 
block at yl, is {riven in table 2. 


TAUM': 9 


\ 

\Rrtt 

Path \ 

US2 

Wll 

HW 

W5l 


1155 

Wtl5 

wai 

Wl7 

III 

2 

107 

104 

100 

I OS 

lOS 

100 

110 

107 

111 

111 


S 

17 

10 


15 

0 

1 

‘JO 

4 

S 







' -• 






Results of test perioil. ~\)ny 1'). The rt'sults of the “ insi{rht” 
runs were as f(^IIows; 

No. of tlu‘ 10 nits tlmt 
** InsijLilit ” run nvoidt'd Pntli 

1 7 

« 0 

0 nil 

'I S 

nil 

<» 0 

7 0 


Taking Iht* of (*rn»rs nuale by individual rats during 

tlu‘ S(‘V(*n t<‘st runs, th<‘ results as folbrn-s: 

In 7 runs: 1 rat inatlt* a <*rr<»rs 

1 rat matin (‘rnu's 

a rats inadt' 1 <*rrnr 

n rats inad<‘ 0 tn’rnrs 

Th(* probability of 7 <mt <d* HI rats takin|jr Path and **{ rats 
taking Path 2, assumiiiju: that, tho olioico ot* thost* i)aths is a niattrr 
of pur(‘ charuus \v<ud<I bo 0.117. That is, assuiniiiji!: pure (*.hanv(% 
wo should (*xpoot a distribution of this sort about twedvo timos 
in oiu* hun(ln‘<L Hut aotually thoro was a hoavy ‘Moadinjjr’’ tli(‘ 
otlior way, viz., in favor of Patli 2, built up during tho trainintJr 
runs, as is indioatod by tho proportion of lOSl runs in Path 2 to 
07 runs in Path 0. 
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RESULTS 

1. “Insight,” in the sense in which we have used the term 
here, seems to be definitely proved for Maze III with both (Jroup 
A and Group B. That is, under the conditions of this elevated 
maze and of the kinds and amounts of preliminary training 
given, the rats of both groups, upon first finding a block in tlu' 
final common path, as a result of taking one “entering” path 
(Path 1) immediately (i.e., without any trial and error learning) 
also avoided the taking of the other “entering” path (Path 2). 

this result was obtained in spite of the fact that these rats 
had shown a very strong propensity to take this second “enter- 
ing” path, when the first “entering” jiath (and not tin* final 
common path) was blocked. 

2. No evidence of such “insight” was obtained under our 
conditions for either Maze I or Maze 1 1. 


DISCUSSION 

To explain the fact that we obtained no evi<lenc<‘ of insight 
with our Maze I, although IIsaio‘^> did obtain (*vid(‘nci‘ of such 
insight with a very similar maze, two ])oints an* to 1h> noted 
(1) Our maze was not exactly identical in shape with llsaio’s 
and (2) we did not give the amount and distribution of prelim- 
inary training that he did. Either of these two p<iints may have 
been enough to explain the difference lK‘tw(‘en his results and 
ours. For the factors which actually govern the appearance or 
non-appearance of “insight” are in the present statt* of our 
knowledge still quite uncertain. 

To explain the fact that no insight was obtained in Maze 1 1 
although it was obtained in Maze III which had an identical 
ground pattern, it would seem important that Maze 1 1 1 had no 
side walls as did Maze II and hence the rata wen* ahU* in Maze III 
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to ‘'see’’ the situatioa as a whole. Or, even if the rats in Maze 
III were not able to “see’^ all the paths at any one moment, they 
might still have been better able to grasp the connections between 
the paths, owing perhaps to the open space on all sides of the 
runways, which may have served to accentuate the relations 
between the paths. 
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VISUAL DISTANOK PERCEPTION IN 
THE RAT’ 

HY 

ESTHER W. UOIHNHOISr ani> hi 0 . WRVER 


This study is cunopriiod with the ability of the rat to use 
vision in the maze situation. A simple T-type of may.e was used 
under conditions that made it possble to determine at what 
distances rats are a!)le to ascertain visually whether a path is 
open or closed. Furth<‘r, after a measure of the vis\ud capacities 
of the animals liad betui obtained utider normal illumination, the 
illumination was jrra<lually reduced in order to determine the 
animars capacities imder tlie,se latter conditions also. Inci- 
dentally, since two types of rats were us(‘d, albino and pied, the 
experiment fjrivcs .sonn* informati<in on the ditTereuce in visual 
capacities of pi^^:mented and unj)igmented animals. 


KXl^^HIMKNTAL PIUXrKDUHK 

Fifteen rats wen* used, all males, about two months old. 
Heven of thest* wen* albinos, six pere pied, with hoo<ls, and two 
weres luiiform gray, one very dark and the other somewhat 
lighter; the pied an<l gray animals all had pigmented eyes, and 
for tin* purpo.ses of this experiment may be classeil together. 

Preliminary t() tlu* main experiment the animals were trained 
on a 14-blind T-type nuize- in complete darkness in order to 

I This <*xporiim*nt wuu p«*rf(»rm<*d In tht» l^vchologU'nl Uiborutory of 
tlio Univt'rHity of ('uliforniu in 11)27; jiubllffitUm huH boon unfortuimtcly 
delayed. 

« ThU tnnzo %vn« one <levi«ed by M. H. Elliott and kindly loaned for 
our um*; for it« (b'Heription nn<l illuHtriition, nee Elliott, **The effeet of 
cbauKc* of reward on tlu» ma‘/<^ perftirmanee of ratn,” Vniv, Calif, PuhL 
pHychaL (H)2S), 4:20 21. The eurtninn, um deMeribeil by ElUott, hud not 
be(*n adtb'd at the time of (»ur uae of the maze. 
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obtain an index of the activity and learning ability of tlu^ animals 
apart from the visual factor. To make it {)(>.ssihle tn foltnw the 
rats in the maze during this trainiiifT, they were pn»vi(led with 
tape collars bearing a daub of hmuiunis paint. After a pre- 
liminary run the first day, the animals were given three runs 
daily for from nine to twelve days, wliieh in most (»as(*s was 
adequate for mastery of the task. 

In the main experiment a simple iuii>ainted redwootl iiux/.r of 
T-form was used, as illustrated in figure 1. Two paths, R ami 
led from the entrance to the food, but doors of tin* vertieal slul- 
ing type, and of the same material and color as the walls <d' the 
maze, were provided at d,d to permit the chasing of eitht*r path, 
as desired. Along the top of the paths a row (»f <‘l<s*trie liglits 
gave even illumination. At the choiee point, I\ the right anti 
left alleys were obscured from view by two black flannel cur- 
tains, c, c, making it necessary for the rat to enter tin* blind in 
order to see whether the path was oiien. 

For about every third trial both paths wmv !t‘ft <»pen amt 
the rat made his way unimpeded to the food. Ftn* the remaiti^ 
ing trials both doors were closed until tlu‘ rat bad pa.ssc<l into 
one alley, had turned around and started back; then tla^ door of 
the unentered alley was quietly opeiunl by nutans <»f a eonl in 
the hands of the experimenter and the animal thus p(»rniittt*tl 
to pass along that way. Each alley was markt‘d otr at :i in<*b 
intervals so that the distance from th<‘ door at which the attintal 
turned back could be recorded. 

Each animal was given ten trials daily in this situati<rn. 
There were three trials with both doors and .sev(m in which 
the animal was obstructed by a door and force<I to retrace his 
path. The animals showed for the most part a ready ahility for 
their task. As one would expect, they at first went the wh<de 
length of the alley and spent a good deal of tiirn* in expl<mati(»n, 
but soon such activity largely disappeared, mul iho ht^haviur was 
reduced to very simple terms: the animal, often aft<‘r prelimi^ 
nary hesitation at the choiee point, ran under tnu^ curtain amt 
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into its alloy U)v a littlo distaiioo, thon hrouofht liinisolf up 
abruptly, i)orhaps skidding a bit in tho stuppiujj: proooss, turnod, 
and passtnl thnui^di thtMdbor path with no rurtluu* dolay or unoor- 
tainty. Tho distatioo from the cIusimI dour at which the tiirninjj: 
was ma(U‘ inortNisod *rradually durinjr the first tVw days' train- 
injr, and n‘aoht*d its tuaxinuuu in most cast's after abtuit 20 days. 
Training? was continued for 2.^ t<» 15 days. 



1. <0’ Itn* t^\<» wny tnn/.v, S, Mtnrdna: p<iint. i\ rlttiicc 

point. /*. li, loft atol riiflit uHovm. t\ ourtaiu. d, »loor. /»‘» ftool pan, 

Tht‘ reason f<*r th«‘ frt‘<tnent trials with htith thuu's tjptm 
ol)viottsly was to [»revent the formation td’ a Itabit of systtanafic- 
ally |4:oitin: dtuvn one path a certain distanct' atnl then turnini*: 
back. That such a habit <litl m»t af»pear is f*vi(b‘nct‘d by tht* rare 
(K'casions on which the animals turned back when tin' path was 
open: no rat ilitl this nmre tlian live titnes durintj: the trainiujj:, 
and the averajfc was aliont two tim**s. T<» ^nard further ajrainst 
the meehani/at ion tif aetivity, the rhythm of **tnrn haek twice 
and jfo torw'ard otuM*" was <iet»nsionally lindcen np hy bnvinjjr the 
animal to tnim hack twice in a j^iven trial befort* tJpcninjif tin' 
<loor. Such varia(i<»n:s of the nsnal [»roccdtin* seemed to cause 
little or int ilist urlainec (»f the aiiimars perftn*mauee. 

After trairiiiii!: for 25 to 15 days utnler normal illuminati<in, 
an adjustable rheostat was pbu'etl in series with the lamps and 
the illnminati<in was rtshnssl by small atiiounts daily until the 
animals w‘ere rtinnirj^'" in alnmst e<Mtiplt*te darknt'ss. This pro- 
e(*(lnre t(n»k 21 <lays, the resistanei* of the rheostat Indn^^ in- 
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creasd by a certain amount each day; the number of daily trials 
were increased to fifteen (five of which were “open” runs). 
Toward the end of the period the illumination wa.s .so low that 
the rats had to be provided with luminoms eollans, tis iji the pre- 
liminary experiment, in order to be visible in the maze. 

The results of these experiments are given in the form of 
graphs in figures 2 to 16 ; the graphs on page 237 are for the 
seven albino animals, numbered A 1-7, while those on page 23H 
are for the eight pigmented animals, numbered P 8-13 (pied) 
and G 14—15 (gray). 

In each figure three curves are shown. The first, markwl A', 
shows the performance of the animal under normal illumination ; 
successive days are shown along the ab.sei.s.sa, while di.stam*e.s 
from the closed door that the animal turned back are shown 
along the ordinate. The points plotted are averag<‘s of .seven 
trials on a given day. 

The second curve, marked P and made up of broken lix>e.s, 
shows the performance of the animals as the illumination i.s 
reduced a step at a time each day. Each plotted point repr«*.st‘nt.s 
an average of ten trials. 


The third curve, on the extreme right, .shows the’ result.s of 
the preliminary experiment, when the animals were traine<l on a 
14-blind maze in complete darkne.ss. Days are shown along the 
abscissa, and number of errors along the ordinate. The points 
plotted represent the errors of a single trial on a given day. 

A consideration of the curves for the preliminary (>xperiment 
shows that the rats were able to learn the maze with fair remli- 
ness. There are apparent differences in the performances of 
the individual animals, but no significant difference b«‘tweexi the 
albino and the pigmented groups. 


eonS!^ ® f immediately obvious, however, when we 

e results of the main experiment. The N-curves for 
he various animals are of the some general form, showing the 
y increase in the distances from the door at which the 
mma s urned back as the training progres.sed, but th<> maxi- 
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luiuii U'vols of thf curvt's aro without oxooptuvu lujj:Iu‘r for the 
pio‘m(‘nte<l animals, slKuvinjr a jrreater eainuuty of distanee- 
vision. The maximum distaiiees for the pi^nuented animals vary 
from ahold 2S to 21 inehes, avtTajrin^ 20 inehes, while for the 
albinos tin* distane<\s vary from 11 to 24 inches, with an averaf>:e 
of 18 inches. The frroup diiTtuvnee is thus about 12 inches, in 
favor of th(‘ pijrmentt'd animals. 

The suptu-iority of the pi}j:mented animals was still main- 
taint‘d as th<‘ illuminathm was reduced. The U -curves are in 
jreneral of a characttu’istie f<»rm : the hi^h l(‘ve! of performance 
was fairly wtdl maintaim*d as tlie illuminati<m was rediicinl, up 
to a c<*rtain launt ; on furtlier rt»dueti<m of the illumination, the 
p(*r forma nc(‘ was seri<msly impaire<L 

Th(‘ fact that undm* fav<irahlc» <*onditions rats are able to 
detect, at ilistances of 20 t<r 20 inches, whetluu* a path is open or 
closeil is of obvious r<‘levance for maze work in j>:eni*ral. It is 
plain that the use of simple blimls of this order of mafrnitude 
atlmits their <»limination in visual terms as soon as the rat has 
h’arned the untun* aiul sijxniticance of a blind as such. The 
us<* of *‘<*lhows’" m* ‘Mumbhells’* at tin* t(*rminatior) of tin* blimls 
will of <*ours(‘ rule out tin* visual factor when it is desirabh* to 
do so. A mucli simpler (h‘vice suitaldt* for maze* work in jj:(meral 
is a small cloth curtain, as usetl above*, hunij: in evt*ry alley 
(liliinls ami true paths alike*) about four incln*s from tin* choice 
point.'* 

Summary 

Hats are* able* to ascertain visually whtdheT a path is opened 
or (*lose*d at elistane*e*s of about IH inche*s fe»r albinos and 20 inches 
for pij>:me*nte*el animals. The* capacity sulTers a bre»akdown as the 
illuminatieui is j^r(»atly re‘duc<*d, but the pifrnn*tded animals 
re*main supe*ri<er at all stajres. The* ability shown s<*cms to be 
larjLTt'ly inele*i)en<h*nt of the* jr<*ne*ral activity and l(*arning capacity 
of the animals as reve*ale»d by maze pe*rformances in complete 
darkrn*ss. 

Por tie* nf KUt'h I'urtjeime, Ht‘c MlHott, e/i, und <»tUe*r r(‘t»<*nt 
fremi this Inixernteu'y. 
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DEaEEES OE HUNGER, REWARD AND NON- 
REWARD, AND MAZE LEARNING 
INRATS^ 


BY 

E. C. TOLMAN and C. H. HONZIK 


It has been shown by Blodgett/^^ Williams/^®^ and 
that hungry rats that are non-rewarded in the maze (i.e., given 
no food, or water instead of food, at the end of each run) show 
a relatively poor maze performance during such non-reward 
periods. Somewhat similar results have been obtained by 
Warden and Haas^^^ and by Grindley.^^^ 

Tolman, Honzik and Eobinson^®^ found that rats which were 
abundantly fed after each run and which gained weight during 
the course of the experiment learned more slowly, i.e., made 
more errors and took more time in individual runs, than rats 
which were fed less and that lost slightly in weight during the 
experiment. Anderson and Smith^^^ in a study of the effect of 
quantitative and qualitative stunting upon maze learning in the 
white rat showed that stunted rats are superior to rats that 
grow normally in relearning a maze.’' 

In general, these two groups of studies indicate that either 
lack of appropriate reward or lack of motive decreases the rate 
of overt improvement in maze performance. The purpose of the 
present experiment was further to investigate all four condi- 
tions — ^reward, non-reward, hunger, and lack of hunger — and to 
make more accurate comparisons of their effects. 

1 The expenses of this experiment were borne in paxfc by grants from the 
Board of Eesearch of the University of California. 
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APPARATUS AND METHODS 
Maze . — The maze used was a 14-uuit T-iuaze made of 
impainted redwood. The arran}>:ement of the hlind.s is shown in 
figure la. The dimensions of one unit, wliieh ineludes tlie stem 
and a cul-de-sac, are given in figure ll>. The gates shown in 
figure 1& were placed at the same point in each of the fourteen 



I’iR. 1. 


units. Their sole purpose was to prevent ndum of the rat info 
a unit he had already traversed. Black cloth curtains, plaecsl at 
he points indicated, prevented the rats seeing any <lifrer<>nee.s 
between the blind alleys and the true path. The foo<l boxes at 
the end of the maze contained five compartments, one for each of 

“ntn Oy '■“"I''-"'- 

Cloth with a half -inch mesh. 
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General procedure. — Training for all the four groups of rats 
was carried out concurrently, under identical conditions, and all 
groups had the same preliminary training. 

Preliminary training. —Alai's accustomed the rats to being 
handled, and taught them to manipulate the gates and curtains. 
It consisted of two runs a day for five days, as follows : first day, 
two runs in a 30-inch ‘‘straightaway” with no gate or curtain; 
second day, two runs with curtain in place but no gate; third 
day, two runs with both gate and curtain in place ; fourth day, 
two runs in a single T-unit with cul-de-sac to the left and with 
two gates and three curtains in place; fifth day, same as the 
fourth day. During the preliminary training the rats were fed 
at the end of each run, but sparingly, so that, during the five 
days, each rat lost from 5 to 15 grams. 

Training proper. — This consisted, for all the groups, of one 
run a day in the 14-unit rna^e for seventeen days. The runs were 
given each day at as nearly the same hour of the day as possible. 
Small sections of the four groups were run concurrently; this 
assured that improvements in technique, if any, would affect all 
groups equally. 

The four groups of rats were differentiated from each other 
in respect to hunger and reward as follows: the rats of the 
hungry rewarded group (to be designated hereafter as HR 
Group) were fed their full daily rations of modified Steenbock 
mash in the food box at the end of the run. Bach individual was 
weighed every third or fourth day during training and his ration 
was limited, in proportion to his weight, so as to make him lose 
from 10 to 36 grams. (The amount of absolute loss depended 
somewhat upon his original weight.) (Table 1.) 

The rats of the hungry non-rewarded group (HNR Group) 
were fed in their living cages, but not less than three, nor more 
than four, hours after the daily run. The three-hour interval, 
it was thought, was long enough to prevent an association being 
formed between the running of the maze and the food reward. 



TABLE 1 

Initial Weights and Gains and Losses in Weight in Grams During Training 
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The boxes at the end of the maze for these rats were never used 
for any other rats and care was taken that no food should ever 
be placed in these '' non-reward boxes.” The rations for these 
rats were also limited, in order to make them lose weight to 
approximately the same degree as the HR rats. (Table 1.) 

The less hiongry rewarded rats (LHR Group) were fed in the 
end food box, in suiBcient amounts to increase their weights (4 to 
40 grams) during the seventeen days’ training. (Table 1.) 

The less hungry non-rewarded rats (LHNR Group) were fed 
in their living cages, like the HNR rats, not less than three, nor 
more than four, hours after the daily run. In amount their 
rations equaled approximately those of the LHR rats. They 
gained approximately the same weight as did the LHR rats. 
(Table 1.) 

The rats. — Each of the four groups consisted of 36 male rats 
from 3% to 5 months of age, and of mixed coat-color, some being 
hooded, some black, but the majority white. The colors were dis- 
tributed by chance fairly evenly among the groups. All rats at 
the beginning of their training were healthy and in good physical 
condition. As against the 144 rats that completed the experi- 
ment, there were five that were discarded because of illness and 
four that for unknown reasons refused to run. 

Scoring. — Time and error records were kept. An entrance 
into a blind the full body-length (not including the tail) was 
considered an error. No attempt was made to record degrees of 
entrance. A second or third entrance into a blind during the 
same run was also considered an error and included in the 
records. Returns into units just traversed were prevented by 
the gates ; there were therefore no retracing errors. 

The blinds in the maze were numbered in order from the first 
to the fourteenth, and each error was recorded by the number of 
the blind in which it was made. All movements and errors of 
the rat were clearly discernible in a convex mirror hung over the 
maze, and with a little practice were easily recorded. 
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GROSS QUANTITATIVE RESULTS 
Lewrmng cnrves.-^lae point of first interest is a compari^n 
of the learning curves based on error scores of the four groups. 

These are given in figure 2. , . , 

The curve for the HR Group, the group in which there were 

present both a strong internal drive (hunger) and an obvious 



Fig. 2. Error curves for four groups,, 36 rats. 


satisfaction of this drive (food), is seen to be a typical learning 
curve and indicates more rapid learning in this group than ir: 
any of the other three. The LHNR (rroup, in which there were 
absent both strong drive and any obvious reward, learned more 
slowly than any of the other groups; however, some learning 
apparently did take place. This is explained by the assumptioi 
that the outlet from the maze is in itself a weak reward, ar 
assumption corroborated by the results for the different blind? 
(see fig. 6). 
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The learning curves of the remaining two groups, less hungry 
rewarded (I/HR) an'd hungry non-rewarded (HNR), are very 
much alike, indicating that lack of drive with reward, and 
presence of drive without reward, were factors of about equal 
potency in the learning of the maze. 

Error curves alone, however, do not tell the whole story of 
the learning process. Time is also an important element. Time 
cxmves for the groups are shown in figure 3. 



rig. 3. Time curves for four groups, 36 rats. 

Here again the typical learning curve of the HE. Group is 
considerably lower than the other curves. The relations between 
the time curves of LHNR, LHR, and HNR groups, however, are 
not quite the same as those between the error curves for these 
groups. The HNR Group now gives as high a curve as does 
the LHNR Group. 

Two other points of interest appear in the time curves of 
LHNR, HNR, and LHR groups: (1) the upvnrdr trend of all 
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three curves, but particularly of the IINH and IjIINR t^urvvs, 
and (2) the large drop in all these curves on the second day. 

(1) The upward trend of the time curves, when eonsitlercil in 
connection with the error curves, means in general that» altlunij»h 
the rats were making fewer errors on wsuccessive trials, they spent 
more time, i.e., moved more slowly or vvamltTed about more in 
the true path and in the blinds. We may say that the rats luul 
learned, to some degree, to avoid the blinds, but tliey still luul 
no incentive to reach the end of the maze as soon as juissible. 

(2) Time scores on the first day would naturally he high iMnuiUst* 
of the rats' unfamiliarity with the maze and their consiupient 
exploratory movements. The large drop on the secoiul tluy iu 



Fig. 6. 


Blinds pointing away from 
food or outlet. 


HHntl.s poirituig t<i\vHrd 
food <»r 


Showing relative difficulty of Minds, (’oluinns .show ...t .-.•iit 
01 total number of errors in oaeli blind. 


HNR, HNR, and LHR curves is probably to bo nccoiuttf<{ for 
by a large reduction in errors, as indicated by tiu* (‘rror ctirvf.s. 

Dtstniuiion of the rats as to error and time scon s.— hi oni.-r 
0 give some idea as to the reliability of the group (Utrcn*iu‘.-.s, 
frequency polygons have been constructed, which .si.ow the dis- 

tiLeZffiZ IT 

The polygons based on error scores show a fairlv oven «lisf ri 
b«... of mdWdu* The polygons 

h«ve Probable that a ionger loaK,. w.ml.l 

Sroupa,.^^!™! 'artr!7‘ «me for the U.NIt h.,.1 II.VK 
arge part due to only a few individuals. 



1930] 


TolmanSonzik: Maze Learning in Bats 


251 


Tables, — In table 2 the critical ratios are to be read in con- 
. nection with the frequency polygons. It will be seen that the 
differences in errors between all the groups, excepting that 
between the LHR and HNR are statistically significant. In other 
words, the differences between the groups were, with this one 
exception, not due to chance but are attributable to the differ- 
ences, presence and absence of drive, presence and absence of 
reward. 


TABLE 2 
Erbors 


Group 

Mean of 
Group 

Sigmas of the 

Critical ratio with 

distributions 

LHNR 

LHR 

HNR 

HR 

LHNR 

106 

22.91 


1.81 

2.53 

7.40 

LHR 

95 

28.84 

1.81 


.70 

4.86 

HNR 

90 

30.00 

2.53 

.70 


4.01 

HR 

69 

25.28 

7.40 

4.86 

4.01 



In table 3 the differences in time between all groups, except 
that between LHNR and HNR, are significant. 


TABLES 

Time 


Group 

Mean of 
Group 

Sigmas of the 

Critical ratio with 

distributions 

LHNR 

LHR 

HNR 

HR 

LHNR 

62 

29.93 


2.96 



LHR 

46 

19.82 





HNR 

60 

31.65 





HR 

25 

12.00 



6.34 



In order to get some notion of the effect of degrees of hunger , 
reward, and non^reward on the reliability of the maze as a 
measure of individual differences, we have computed the reli- 
ability coefficients based on even-day scores versus odd-day scores 
for the four groups (table 4) (days 2-17). 
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TABLE 4 

Rei-iabiltty Coefficients based on Evbn-Daf wrAus ()i>d-1>av StHuiKs 
IN Errors ani> Txmk 


Group 

Reliability eoeffuMonte 
for orror« 

jfttr 

HR 

.957 ± .009 

.5KS.5 it <XW 

hnr 

.965 ± .007 

.im7 t (Ht7 

lhr 

.853 ± .0.30 

.951 * .010 

LHNR 

.858 db .0Lt> 



- . 



It will be noticed that the reliability eoefficionts bastnl on iimr 
scores decrease as we pass from the HR Oroup to the* II NR, LIIK, 
and LHNR groups. However, only in the caHe of tlu* liHXIt 
Group as compared with each of the other tlin*e groups, is the 
difference between reliability coefficients large enough to he signi- 
ficant We may conclude that so far as time seon*s are ('(Uieerned 
the maze seems to be a more reliable instrum<*nt when both 
motive and reward are present. 

Turning to the reliability coefficients bast'd on t'rror scores, we 
note that the coefficient for the IINR Group is slightly hightu* 
than that of the HR Group, contrary to what would be expisded. 
But the coefficients for the LHR and LIINR groups art*, ais wouhl 
be expected, somewhat lower. It appears that, for th<» mazt* and 
the conditions here used, the reliability of the maze so far ns 
error scores are concerned is not reduct'd by abstutet* n'ward ; 
absence of hunger, however, and absence of hungt'r with absence 
of reward, do reduce its reliability. In ge'm'ral, howevi'r, tlu'Si' 
reductions are surprisingly small. 


RESULTS FOR INDIVIDUAL BLINDS 

Relative difficulty of the blinds , — It will be .seen by inspect i<tn 
of figure la that the blinds point in four directions, i.c., down- 
ward toward the entrance and exit, upward away from entrance 
and exit, to the right (in the general direction of exit and food), 
and to the left (away from exit and food). We may call those 
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blinds pointing downward or to the right, food-pointing blinds, 
and those pointing upward or to the left, non-food-pointing 
blinds. If there is any difference in difficulty between the two 
classes, as measured by the number of errors made in a blind, we 
should expect that the food-pointing blinds would be the more 
difficult. It has been shown by Dashiell^^^ that rats very soon 
get a ^‘notion” of the general direction of food and show a 
tendency to take openings pointing in that direction. In two 
studies soon to be published, Yoshioka^^^^ and Gengerelli^®^ have 
come to the same conclusion, namely, that ‘‘rats are sensitive to 
a goal-direction in a maze, and a learning of the goal-direction 
plays a part in the maze solution.’’ Borovski also has shown that, 
in a relatively simple maze in which all blinds point either for- 
ward or back, the forward-pointing, i.e., the food-pointing, blinds 
are much more difficult to eliminate than the backward-pointing 
blinds. Hence we should expect blinds pointing toward food to 
be entered most frequently and to be harder to eliminate. This 
expectation was substantiated. 

Figure 6 is a bar diagram giving a graphic representation of 
the relative difficulty of the individual blinds. The height of 
each bar is based on per cent of total errors made in the blind 
represented by the bar. This figure is to be interpreted as 
follows : 

(1) The blinds pointing down and to the right (food-pointing 
blinds) are by far the most difficult, five of these blinds having 
more than 50 per cent of all the errors in each of the four groups, 
as against the remaining nine blinds which in the case of each 
group have less than 50 per cent of the errors. Since two of the 
groups are “non-rewards,” we must postulate an outlet-seeking 
impulse as well as a food-seeking impulse, because even for these 
non-reward groups, food-pointing (now merely exit-pointing) 
blinds are the most difficult, i.e., such blinds are most often 
entered. 

(2) The Hungry Rewarded Group finds the five food-or- 
outlet-pointing blinds considerably more difficult than do the 
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other three groups. We are safe in saying that the enrulition, 
food and hunger, makes the food-poititing blinds ninre ditlieult 
than they are for the conditions, hunger aiul no less hunger 
and food, and less hunger and no food. 

(3) The Less Hungry Rewarded Gr<»up also tinds the f(»(»d- 
or-outlet-pointing blinds more diffieult than <lo the IIXK and 
LHNR groups: these food-or-outlet-pointing blinds are. how<‘ver» 
not as difficult for the LHR Group as they are for the lilt C}nmp. 

Comparing the two groups, HR and MNR, we have the follow, 
ing distributions of errors for the two tdasses of hli*i<ls; 


TABLE 4 



Errors in nine xum-ftMKl- 

Group 

pointing bliutls 


Number 

r«r cent 

HR 

838 

• IKK! * .(HXi 

HNR 

1541 

.477 ± .005 


Kfrorn tn tivr* 

hUtiih 


Siitnhre 


l'r»f ivfit 


IMS (UH ( (XW 
Kisi) I (Ki;. 


For the HNR Group the distribution <if crnirs jiiikiuj; tlie 
two classes of blinds is nearly equal, 4H per writ atul '>2 per eeiit. 
In the HR Group there is a decided shift injr from the *>0 'lO 
proportion, i.e., the percentages are H7 per et-nt for rKm ^tud- 
pointing blinds and 63 per cent for foo(l-|)(»iiitiiig blinds. 

This shifting from the 50-50 proportion, or the greater piling 
up of errors by the HR Group in the fcaxl-pointing blinds is 
undoubtedly due to the greater “interest” of th(» rewarded rats 
in the direction of food. The greater the “intere.sl ” in the goal 
the more diffieult goal-pointing blinds bewnue. 


'JUJNUIjUBIONS 

error awarded rats, as measured both by time and 

errors, learned the ma^e more rapidly than di«l the other three 
groups. 

ttat ' ™»-rewi,ra«l rat« had ,u„l ,.rr„r.,.urv,.« 

'“■"“Xioa of blinds and 

increase in time on successive runs. 
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2. Lt‘ss huii<j:ry rt^warded rats aiul hiinf»:ry noii-rowardcd rats 
had orror rurvt‘s that iiidicatt^l a|>[)n)ximatrly tho saau^ amount 
of loarniujr. I^ut tho tinm rurvo u{ the IINR rats was olostdy 
c*omparahl<‘ to the time rurvo <ir tlm LHNR (Jroup. 

4. ilun^tu* and haul rowanh or in inorr jj^oneral tornis, drive 
and tlu* possibility of its sat ist'actioru are the two faetors whieh, 
when ludh are present, pn»<luet» tlu* moM rapid lt‘arninfr. <hi the 
other hand, abseru*e of both thest* faetors eauses tlu* slowest learn- 
injr. hiiek of drive (hunger) with the pr<‘senee of its normal 
satisl’aetion (FoodUand presenee oF drivt* (hunj^(*r) with abst*nee 
oF its satisFaietion (Food), as measured by the terror eurve, pro- 
dueed, undt^r the e<imtitions <iF this i*xperinu‘nt, overt l«‘arnin^ in 
appr(»ximately equal amounts. 

5. So Far as time seores are eiuieerned, the mazt* used in this 
experiment atronis a reliable measure oF individual di(r<*n‘ne(*s in 
inazt* learninjr ability umler all eemditions, exe<‘pt the h‘ssduinj>:ry 
noiereward <'omlition. In tin* ease oF error se(»res, n^wanl and 
turn n*war<l (with hunger) both jrave ndiabh* results und(*r the 
eonditions used. 

(>. Tilt* ma/e also atqu'ared to atr<»rd a }4:o(ul measure oF jjjroup 
diiren*m't*s, as imlieattut by the Frequency polyjrons For tuTor and 
tinu* seores. 

7. The blinds in (he maze are divided into two kinds on tlie 
basis oF tliflieulty <d' learninj4: (elimination). This division 
appears (<» eorrespoml ehisely with a divisi<»n biased on tlu* din*e" 
tion in whi<*h tlu* blimis point, Htd it is mil as.s<*rt<*d that nrralvr 
didieulty oF learniufr is eiiusful entirely, or t‘V(*n mainly, by tin* 
Fact that blinds point iairanl fotul nr f\rit, (Mlu*r Faetors b(*si(b*s 
Fooil iiml exit help to make tlu* Food-exit pointinj^ blinds 

m{)re dinh'ult to eliminate, 
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INTlfODl’CTION AND KMOMOVAL 
OD liDWAK’D, AND MAZD I‘I01{D()DMAN(^10 

IN lv‘ATW 


tlV 


K. <*. Tt)l,MAN AND n. noNZIK 


1\TU<U)IHTI()X 

by S/yinuDski/^^ Will- 

iams, anti Mllintt,' Iuivd slrnwri tfuit, if rats b(*j«:in tlm lt‘arninfj: 
of u ma/.t* with n<» rowanl. or with t»nly a sli'jrhtly t’ftVotivo rrwanl, 
and than at a lab*r sta<4o a nH»r<» idTtM^tiva^ roward is inlrtuluctsl, 
sutld(‘n drops in tho <*rror anti tiim* mirvt's appt*ar. Th(*s<‘ drops 
st*(*!n to tostify It) a hitmt Iturnintt aotjuirtsl dnrinj>: tho rion- 
roward t»r pot»rly rowan loti ptTitMl, a loarninjjr which is math* 
manitVst <ndy after the ititrodutditnt of the inon* cflTts'.tivt* nwvard. 

A n*Vfrst* phtMitnmnion has also bt*f»n nanodly dmnonstraltsl. 
Klliotf'” (ditninoil a sutblcn rise in tlu* pt^rformanct* tMirvtss wluni 
an tadt^inally tdfootivt* rowan! was n*nitjv(*d, aiul a. h‘ss tdftadivo 
one suhstitutod, Sino<» tht* oiaiiplotion of tin* oxp<‘rimt*nt.s to Ix^ 
n‘port(Ml in»n*, Ibnioo' '* anti Sharp**’ liavt» also prosonftal tindinj^s 
siitiiiar to tlioso td’ Mllitdt. They all found a disint<‘^ratioii in 
the jtorftirmanoo tlinsdly sttbsotpnnit t<» tht» nnutival <d’ an initial 
nnvanl. 

Tin* prosmit <*xporim*‘td was dosia:iM‘d tt> oxamint* both types 
td’ plamoimnia, an<t osptxdally tt» annly/<» them with respect to 
<*ntratiet*s irdo ftital (exit i [itantin^ anti inttj non Food '(nt)n»exit)- 
poititin^ blimis, etmsitlon^l so[iarattdy. 
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APPARATUS AND MKT HODS 

Ma^se.— The maze was a 14-unit T-tiuize, usott in fho previous 
study/®^ (See %. 1.) The arrangciueiit of the blinda is shown 
in figure la, 

General procedwe. — Eighty-two male rats, diviiltnl into two 
groups of 41 rats each, were run in the riutze. One group was 



called the Hungry Reward-Non-rewar<I (HR-NH) (Jroup, the 
other, the Hungry Non-reward-Rewar<i (HNU-It) (Jroup. 

Preliminary training.— This aceuatonnsl file rats to being 
handled, and taught them to manipulate tlie gates and eurtains 
before being run in the maze itself. It involved the use of a 
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straifilitaway am] a siiijjrlt* T-unit for five days aiul was in ovory 
way uU'iitiral with that t>f the prrvuius stiuly.'"' 

frainintj itropi r. -This oonsisttal, for tho two groups, of one 
run a day iu the Id iiiiit tiiaze for 22 days. For the llimgrp 
Rcu'urd-Xon-n u'anl (HR -SR) (iroup a f<K>d reward was {»iven 
at the end of eaeli run from the first to the tentli day, inclusive. 
On the eleventh day <»f trnininfjr footl was withdrawn, and the. 
rats ran iido end Isixes that had never contained foo<l of any 
.sort but were in all physical aspects like the real food boxes. 
It should Is- mded that this eleventh <lay, althoufrh no food was 
in the eutl box, hehmjts with the first ten tlnys, i.e., in the reward 
period, sinee the rats di<l not know, when they started this day’s 
run, that no food was to he had. The j>on-rewnrd period 
extendeil. then, from the twelfth to the twenty-second day, 
inclusive. Durinjr this jieriod the rats were fed in their livini; 
eatfes (<tne rat in a eajre ) not le.ss than three hours nor more than 
four hours after the eomplctam of the day's run. The amount 
of the daily f<tod ration <lurinff the total 22 day perhul was 
iidjusted t<i the weijfhl of the rat and was such tliat the rats lost 
weitrht in various decrees (i.e., from 10 to U2 jrrams), deitendiiiff 
somewhat ot> initial weiH:ht, (Table 1.) 

For the Uunprii Son irminl Ri witni (RSR-R) tlnnip n<( 
food was iciven in the end boxes frotn the first to the tenth day 
inclusive. The rats were fed liurintr this period, in their livintc 
eajre.s, not le.ss than thre»* hours after the day’s run, as in the non- 
nward peri<»d <d' the other uroup. <»n the eleventh day food was 
placed in the end lsixe,s. Affain it should Is* noted that this 
eleventh day Isdontrs with the first ten days, situs* the rats did lutt 
know at the lH*>fintiitu; of the run that they would he n‘war<led. 
The reward pi*riod exti'tuled therehire fr<tm the twelfth to the 
twenty-second day inclusive. Throutfhtmt the total 22-day period 
the rats were fi-d in proport um to their weight so as to keep 
them huntrry. (Table I.) 

The daily runs were ^jiven as nearly at the same hour of the 
day as was po.ssihle; actually the fluctuntiotm in this respect, 



TABLE 1 

Initial Weights and Losses in Weight in Grams During Training 
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when tlu*y ocrurml, tUti b<*y<>n(l one liour. Small 

sections of both j^nnips were run e<uieiirrently. This assured 
that improvements in tetdini<(ue, <»r <itlu‘r ehanjrt»s» it* any, would 
alFeet both jj:r(>ups etpially. 

The rats. Tin* rats of tin* two <rroups were males lU'o to 5 
months ohi, without any previous training:, and of juixetl eoat- 
eoIoi% scune hein^^ h<»odeti, <»tht‘rs hlaek, hut most heinj^ white. 
The e(mt eol<trs were Fairly equally ilistrilmted by ehanee between 
the tw<j jirroups. The rats at the hej*:innin^ of the expt‘riment 
were all Inmlthy ami in ^(hkI eomUtion. As ajrainst the S2 rats 
that eompIete<i the traininjJT four wt*rf» <lisear<le<l because of illness 
and thn‘e wert» diseanled lu'eause f<»r unknown nmsons they 
nd'used to run. 

Scaring;. Time atnl error n*e<n*ils were kept. An <*nt ranee 
into a blimi the Full hotly length (not ineludinjr the taiH was 
considered an error. N<» atttunpt was mmle to record dep’ces oF 
entranei*. A .seetunl or thinl entrnmo* itdt> a blind during*: the 
samt* run was alstj etinsitiertsl an <‘rr<»r and includ<‘d in the 
records, Returns into units just traverse<l were prevented by 
the jrates; thus this tvpe u( error is not present in our ma/.<*. 

Tht‘ blinds in the mm** were numberetl in order from the first 
t(» the fourteeiith, arid each error was reeonhsl by the number of 
the blind in which it was made, A convex miriam over the maze 
ma<h‘ it possibh* to s«*e the movemertts <»F the rat in any part of 
the maze. 


(IROSS (il*ANTiTATIVH 


RKsni/rs 


llunt/rif lit want Son rt ward F/rna;n Ki^un* 2 presents the 
learning eurv<*s imscil on em»r s<Mires of the IIK NR (Iroup as 
compared with two other ^^roups, namely, a Hungry Rwvard 
(HU) (*r<ntp, a»ul a Uuujjrry Non rewaril (HNU) Hroup. The 
two latter ^r<nq)s were parts id* the previous experiment*”’ in 
which tin* sann* maze was usetl and other e*mditions W'ere the 
same, .savt* that these other K^^'niips were run at an earlier time. 
Kaeh <d’ the latter tw<» j^ronps ctinsisted t»f 26 (inst<*ad of 41) 



Average errors X constant (3) 


262 University of California Publications in Psychology ^ 

rats, but the three curves of figure 2 are comparable since they 
are in terms of average numbers of errors. 

Examination of the three curves brings out the following 
points: First, the rate of learning of the HE-NR Group during 
the reward period was approximately equal to that of the. 
HR Group during the same eleven-day period. If anything, the 
HR-NR Group learned a little more rapidly from the third to 



Days 


Pig. 2. Error curves for HE, HNE, and HE-NE. 

the eighth day. Secondly, on the day following the removhl of 
reward, that is, the twelfth day, there is a sudden rise in the 
curve. This rise is continued on the thirteenth day. Thirdly, 
the level reached by this sudden rise corresponds closely to the 
level of the HNR Group at the same stage of the training. 

Figure 3 presents the time curves of the three groups. The 
same three points are to be noted but with certain modifications. 
First, the rise in the time curve of the HR-NR Group, when 
reward was removed, does not appear to be so sudden. Secondly, 
the time curve, after removal of reward, does not reach that of 
the HNR Group. 




Average time X constant (5) 
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With ropird to tlu* orror curve of the IIR-NR (Jroup it in to 
be noted that the suddtui increase in number of t‘rrors on the day 
following rem<»val n^wnrd is e(iual to od errors, or an averapre 
increase p(‘r rat (d‘ 1.3 errt»r. Tin* increase on the next day equals 
32 errors, an iivt‘raj 4 :e of about .75 t‘rr<»r pt‘r rat. Durinpf the 
reicard p(*riod <d* this }«:roup there were slijrht rises in the curve 
on the fifth, nintli, and ttuith ilay.s. Hut in each case the rise was 



I >n yji 

Kig. 3, 'I’imi’ riirvrn for Hit, 11 NU, himI lilt N K, 


e(iual to ordy <uie error, or an average per rat of .25 ervur. Then* 
are, however, larger upward jumps in the HR (Jroup on the 
third, ninth, and fifteenth days. Of tliese the largest is that of 
the fifteenth <lny, ami nimumts tti 15 errors (average, .42 err<ir). 
To show that the average rise on the twelfth day in tin* HU-NK 
curve is significantly largt*r than the average jump of the IlH 
curvt* we must eompan* the two jumps as to their standard 
deviations. These eomparisons are given in tahb* 2. 

A critieal ratio <if 2.23, interpreted in terms of prohahility, 
means that a tlifferenee between the two upwanl jumps as large 
as that obtained wtudd acenr by ehanei* about 1.4 times in 100 
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times, or slightly less than one-seventieth of the time. It is there- 
fore fairly certain that the rise on the twelfth day of the HE-NR 
error curve was due to the removal of reward and not to ordinary 
chance factors such as produce occasional rises in the curve for 
the HE Group. 

Although a full day intervened between the time the rats 
made their first non-rewarded runs and the next succeeding' runs, 
there was evidently a decided memorial effect of the previous 
foodless run twenty-four hours before, as was evidenced by the 
searching of blind alleys normally avoided; and hence the 
increase in number of errors. 


TABLE 2 
Mean Errors 



Mean rise 
in errors 

Difference 
between the 
two rises 

<r difference 

Critical 

ratio 

HR Days 14-15 

.4166 





.8761 

.3931 

2.23 

HR-NR Days 11-12 

1.2927 






In the time curve of the HR-NE Group the average upward 
jumps on the twelfth, thirteenth, fourteenth, and fifteenth days 
were equal (using whole numbers) to 37 seconds, 13 seconds, 18 
seconds, and 4 seconds, respectively. During the reward period 
of this group there were also average rises on the tenth and 
eleventh days equal to 6.6 and 6.0 seconds, respectively. To show 
that the upward jump on the twelfth day was larger than can 
be accounted for by chance factors, it is necessary to compare 
this jump with the largest, i.e., the 6.6-second jump, in the reward 
period, or with the largest rise in the curve of the control HR 
Group. The largest rise in the HR curve, however, is less than 
the largest jump in the reward period of the HR-NR Group, and 
we have therefore taken for comparison the 6.6-second rise of the 
HR-NR Group, reward period. The results of the comparison 
are given in table 3. 
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The critical ratio of 2.84 indicates that the difference obtained 
would occur by chance about .26 times in 100. We are therefore 
safe in concluding that the rise in time on the twelfth day was 
cdiie to the removal of food an<i not to chance factors. 

Ilungrn N on-re leard-Re ward {1INR-R) Group. — Figure 4 
sliows the error curves of the lINiR-R Group as compared with 
tlic same two control jrroups used with the IIR-NR Group. It 
will In’! noted first that durinjr the non-reward period of the 
IINR-K Group, there is a downward trend of the curve similar 
to that of the IINR Group. Secondly, on the twelfth day there 
iB a larire drop. And thirdly, this drop, plus the one on the 


TAiir.K a 
Mkan Timk Soouks 



rimi 

ill fttH!!(i|l<iM 

lK^tw(H>n tho 
lwt> riw’H 


Critical 

ratio 

HH-NR-Dh.vh 51-10 

on 







30.25 

10.05 

2.94 

HU-NH-Duvh ll-rj 

:m.s5 





thirt(‘(*nth day, brings tin* curv<‘ cmisuhu'ably b(»Iow that of the 
U R Group at the sam<‘ sta^e <d’ the training. This drop in the 
IINR-R curv<» helow tin* HR curv<* raises an interest infif ((iiestion. 

The non-reward peri<Ml of tin* HNR-R Group was undoubt- 
eclly a period of latent learning’. I)o(*s the drop of the HNRrR 
cmrve below tin* Hit curve, when n*ward is introduced, mean 
that this latent l(»arninK was more c'ffective than the overt learn- 
of the HR Group durinjj: the same peruKl of time? To f^et 
Home statistical information on the reliability of the difference 
botwe(*n tin* tw^o curves from the twelfth day on, the error scores 
for the two jjcroups (HR and IIKR-R) wen* taken and the critical 
rutio betwecm the two <*omput<*d. It was found to amount to 
2,205. It wtmld thert»fore npp(‘ar that tlu* difference was a 
statistically siiLj^nificant one. We are not n‘ady, howevc^r, to state 
with any certainty that this wm dm* to tin* f^^reater efficiency of 
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the latent learning:. Other factors may have itifluenee<l the 
situation. It may have been that the rats of the IINR-K Oroup 
were brig’hter as reg:ards maze learning: than the HR (Jroup. But 
the possibility that it was clue to the g:reater efficiency of latent 
learning remains. 

We turn next to a comparison of the drop in the HXR-Il 
evTor curve on the twelfth day with the largest <!rop eith<‘r hi 
the non-reward period in the IINR-R curvT or in th<^ HNIl 
curve. The largest drop happens to be on tlie se<‘<>nd day <if the 
HKR Group. Table 4 gives the results of this e<iniparisoti. 


TAHLE 4 
Mkan Eiuwuis 



Diffennico ^ 

Moan drop hoiwtHmtho <r diff*'rom*o < riOoal 

in orroni twt»dn»|m ratio 

HNR-Days 1-2 

l.l 

1 0 4lU 2 W) 


HNR-R-Days 11-12 

2.1 



A difference between the two drops in the errcir curves as 
large as that found here would occur by chance about .H titiu*s 
in 100. We may conclude that the drop in error neort's was due 
to the introduction of reward. 

Turning now to the time curve of the HNR-R (Jroup (fig. o), 
we note again the large drop in time on the. twelfth day. During 
the non-reward period the IINE-R curve was appntxitnately on 
the same level with the IINIl Group. But the drop in time on 
the introduction of reward did not bring the curvt* significantly 
lelcm the HR curve, as was the case with the error curve of the 
HNR-R Group. 

Table 5 gives the comparisons between the twelfth day drop 
of the HNR-R curve and the drop on the second day t»f the HNR 
curve, which happens to be larger than any other <trop in the 
HNR-R curve during the non-reward period. 



Average time X constant (5) 
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Fig. 4. Error curves for HE, HNB, and HNE-E. 
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The critical ratio of 2.8.‘l warrants tho statement that the 
twelfth-day drop in the IINR-Il curve was unilouhteiUy due to 
the introduction of reward. 


TABLE 5 


Mk.\n Time Scoim-s 



Mcttti drop 
in timo 

I )iiT»*ri*nro 
tho 

twi» dropH 


HNRrDays 1-2 

54 HOC. 

U7 HtH*. 

i:i 07 2 K\ 


HNR-R-Days 11-12 

01 HOC, 



RESULTS FOR INDIVIDUAIa HLIN'DS 

The second question set for the present esp»*riment was in 
regard to the effects in individual bliiuls. Stated in other words, 
the question is, does the iutroduef i<tn or removal of reward 
change the difficulty of some blinds mon* than others? 

Himgry Eeward-Non-remml Group. Figure <i is a bar tlia- 
gram representing the relative diflie.ulty of tlie fourteen blinds of 
the maze. The height of each bar i.s based on the (ter e«-nt of 
total errors made in the. blind represented by the bar. Th<* blinds 
(solid bars) are arranged in increasing order of iliffieidty fnna 
left to right as this order was deternuned during the rt wanl 
period. It will be noted that the bust five hlimis to the right of 
the figure are the most difficult. The.se tive blimls point either 
down or to the right, that i.s, in th<« general direction (if food 
(see fig. Ift). These same five blinds were found to be the most 
difficult m the previous study; and it was there «'oneluded that, 
of the factors determining the order of difficulty of blind.s. the 
direction m which the blind points is one of the more influential. 

Besides the solid bars, cro.ss-hatched ones are given. The.sc 
show the relative difficulty of blimls <l„ring the mm nmml 
perwd and indicate the changes in iliHicuIty produce,! bv the 
change from reward to non-reward. Three points are m Is* 
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noted : First, blind 1 appears to have increased in difficulty more 
than any other. Secondly, all the food-pointing" blinds, i.e., the 
last five blinds in the figure, except blind 11, decreased in diffi- 
culty. Thirdly, all the non-food-pointing blinds, except blinds 
9 and 13, increased in difficulty. 

These three points are subject to interpretations which unfor- 
tunately must be largely anthropomorphic. Our general experi- 
ence with maze learning by rats has convinced us that the first 
blind in the maze is always quite difficult ; it is always above the 
average in difficulty. Observation of the rat’s behavior in the 
maze indicates that the difficulty of the first blind, i.e., the large 



Mg. 6. Showing relative difficulty of blinds in reward and 
non-reward periods. 

number of entrances into this blind, is due largely to the nervous 
behavior of the rat when he first enters the maze — a behavior 
often present even in the later stages of learning and character- 
ized by slow or rapid exploration of the first unit as if the rat 
were seeking his bearings. Even rats that run through the 
remainder of the maze with great speed and few errors very 
often make this preliminary exploration. It would seem prob- 
able, therefore, that the large increase in difficulty of blind 1 on 
the removal of reward may have been due merely to an increased 
cautiousness and hence to a greater exploration of the first unit. 
The non-rewarded run on the previous day would appear to make 
the rat more anxious to get started correctly. 

The second fact, that the blinds that were difficult during the 
reward period become less difficult on the removal of reward, 
again, must be interpreted somewhat anthropomorphically. These 
blinds no longer point toward food since the food has been 
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removed. There is no longer the drive toward a goal which was 
in a defimte position. There is on tiie contrary it tcmlcncy to 
seek in other directions. 

Finally, the third fact of the increase* in diftieulty of the 
blinds which were previously iioii-footl-pointiiiK would In* a 
corollary of the above second fact. The ruts now hejrin huntiiifi^ 
in these other blinds. Such a positive huntinK* was also dis. 
covered by Bruce. 



Pig. 7. Showing relative diffie.uUy of hlnuLs in nnvnrd nn<l 
non-revvurd pt*riod.s. 


Hungry N on-reward-'Reward (iraupr -Figure 7 indic^ntes 
graphically the relative difficulty of the blinds tlurinj^r tho noti- 
reward and reward periods of th<* IINH-li group. Ih»r<* the 
blinds (solid bars) are arranged in nse(*n<ling onler of diftletilty 
as this was determined during the pt‘rio<l of non-^rntutrd. It will 
be noted that with no reward the blinds have approximately the 
same order as was obtained during the frtmrd pvriotl uf tlu* 
HR-NR Group. The food-pointitig—in this ca.se the exit- 
pointing— blinds are again the most difllcnlt <mc.s, c.x(s-pt tor 
blinds 1 and 5 which have become more difficult and ar.- in this 
respect like the food-pointing group. Aside from this ex<-e{>ti<in, 
it appears that blinds may be divided into two cla.s.ses. as reganls 
difficulty, on the basis of the direetion in which they point. Uiit 
since in the non-reward period the blinds do not point to food, wc 
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must postulate au oxit-seokiuK as well as a r<Kul~seekiu^ drive iu 
inaise learning, as was also done in the previous study. 

Two other points are tt> be note<l. First, th(*re was no inereast* 
of entrances into footl-pointin^ blinds when reward was intro- 
duced, except for hliiul 2, which sluiws an enormous increase. 
Secondly, hU the non-food-pointing? blinds, except 1 and 12, show 
decrease iu difliculty, i.e., in number of entrances. lx\ the case 
of blinds 10 and 12 this decrease is particidnrly strikini?. 

The great increase of entrances into blind 2 on the introduc- 
tion of reward may reasonably be accountetl for by the increased 
drive in the direction of the exit which runv provides not (mly 
escape from the maze but food Ix'sides. Itut why was tlu^re no 
similar increase in the otlier fmal-pointing blimlst The present 
data do not furnish any elenr answer. 

The larg(* decreases in tlitlleulty of non fotul-pcunting blinds 
may ls‘ accounted for by the same assumption menti<»ned above, 
namely, that introduction of rewnnl inerenses the strength of the 
drive toward fo<Hl m that there is less temleriey to enter blinds 
pointing away from fuod. 

Tnbl<‘ b shows tht* rhttnifrs in percentages (»f ttdnl errors made 
in the two classes (d’ blituls when a change is miwle from reward 
to non-reward, and from non n^vard to reward. Thus, for the 
IIR-NH group, the five food pointing blinds had bl per eent of 
th(‘ errors during the rewnnl periotl, while during the non- 
rc‘ward period the per cent wms WK For the HNH R (Innip, the 
errors iu the five f<»od peunting blinds were ob per c*ent during 
the non-reward {jcriod, and mse ^hiring the n»wnrd porhal to 
75 per cumt. 
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RBLTABILITY COEFFICIENTS. OF THE MAZE FOR 
REWARD AND NON-REWARD PERIODS 

To soiuo i<h‘a of tlio reliability of the maze niuler reward 
and non-reward eonditiotis, we have computed the reliability 
coefficients based on odd-day versus even-day scores for both 
error and titiu* scores. These are {yiven in table 7. 


TABLE 7 

RbI-TAHIMTV (loKM'lflKNTS lUsKl) ON EVKN-D.VV IWTNIi.S Oi>I>-DaY SooKBS 
IN Khuous and Timm 


(inuip 

Ui*lial>iUt y 
for 

error HoortiH 

lieliahility 
co(ini(*.i(«itK for 
time HOoroH 

IIH-Nll (Reward iH'riod) 

.IKW ± .OOS 
.1)37 .-fc .013 
.Si).l ± ,021 
.ll.'tO d:; .001) 

.l)Gr> ± .007 
.K7(! ± .024 

Am ± .on 

.1)03 ± .011) 

Illi-NR (Non-rewurd peri(Kl) 

IINR-R (N<m-n‘\V{ir<l ixa'iod) 

IINU-R (Reward peruxl) 



It will be that the reliability eoeniei(‘nts both for error 

Hcon*.H and tinu* seores are, with one (‘xe.eplion, hip:her for the 
reward period than for 1ht» non-n‘ward ])(a*io(h Th(‘ difriTi^nees 
between r’s in two eases, namely, bed ween the r\s of the NR and 
11 periods of the IINIi-Il (Jroup for vvvor seores, and between tlu^ 
r’s of the K, and NR p(‘riods of IIR-NR (Jroup for time seores, 
ar(‘ lar^^e (‘iiou^di to be si*rnitiea.nt. It may be eoneliided that 
under reward eorulitions the maze is a more reliable instruruent 
for the im^asurin^ of hNirninp: ability than under non-reward 
conditions. Hut it must lx* pointed out that in tlu^ {irevious study 
it hun^^ry r(‘wanU‘<l p*oup of rats had a reliability eoefficient for 
c^rrors slifrhtly lowiu* than that of a iiun^rry non-rewarded jj^roup. 
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SUMMARY 


1. Rats run with, food reward at the end of the maze showtul, 
when reward was removed, large increases in both time .se(»reM 
and error scores, which could not be accounted for by chance 
factors alone. 


2. Rats run without reward, when reward was introtlueed, 
showed large decreases in both time scores and error score's, whi<‘h 
also could not be accounted for by chance factors alone*. 

3. The drop in the error curve for the gre)ui) of rafs that \ve*rt* 
rewarded on the eleventh day brought the. curve signifieemt ly 
below the curve of a control group of rats that hael be‘e‘n.re'\varel«‘d 
from the first. This suggests that latent learning may be* more* 
ejffective than overt learning. 

4. Removal of reward after a period of reward changt'd the* 
relative difficulty of blinds. 


(а) The first blind became especially difiieudt. 

(б) Non-food-pointing blinds became r(‘lativ(*ly more* elifii- 
cult than they were during the reward i)eriod. 

(c) Food-pointing blinds became relatively less dillleult 
than they were during the reward period. 


5. Introduction of reward after a period of non-r(*\vard like- 
wise changed the relative difficulty of blinds. 

(а) Non-food-pointing blinds became relativ(*ly le.s.s <lif!i- 
eult during the reward period. 

(б) Food-pointing blinds changed very little in diffienlfv 
when reward waa fatrodueed. But one food-,,oi„li„„ 

mimber 3, increased very greatly in difficulty. 

aoeffiaients based on even.day viT.aiia ml.l-iliiv 

instmmeM under reward conditions. But even under „„„ 
eondmons the reliahihty coefficients wer: r'rLi::;;; 
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THE HOLE OE KINESTHESIS IN MAZE 
. LEARNING^ 

BY 

D. A. MAOPARLANE 


The YOgue of the concept of kinesthesis as the explanatory 
factor in maze learning, it is probably safe to say, dates from 
the experiments of Watson, and of Carr and Watson, in 1907 
and 1908. These workers offered the thesis that, when a rat 
learns a maze all he does is to condition his responses to the pre- 
cise proprioceptive cues afforded by the running itself. This 
point of view, thus growing out of direct experimentation, has 
now become firmly entrenched in all discussions of the problem. 
And its position has been strengthened by more general lines of 
theoretical reasoning. For the philosophy of the neurologizing 
psychologist has led, upon development, to explanatory princi- 
ples which also employ reflex-like concepts such as are implied 
in this doctrine of kinesthesis. Moreover, but slightly at variance 
with these are the teachings of Thorndike and his followers, 
with their implied specificity of the S-R bond. 

It seems, however, to an unbiased observer, that to consider 
the vast majority of the acts which constitute ordinary behavior, 
as resulting from the precise linkage of receptor and effector 
by means of more or less fixed nerve paths, is to distort the facts 
beyond recognition. For the most part such criticisms of the 
notion of specific linkages have come from outside the immediate 
field of animal behavior, but in the last few years insurgent 
voices have been raised from within the animal laboratory itself. 

1 This paper is an abridgment of a thesis submitted to the Department 
of Psychology, University of Oalifomia, in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy, and deposited in the Library 
of the University of California, May, 1927. The writer wishes to express 
his indebtedness to Professor Warner Brown and Professor Edward 0. 
Tolman for criticism and suggestions. 
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This paper will attempt to show that, although it is prohahU* 
that binesthesis, as the term is usually employed, determines to 
some extent how a rat will travel through a maze, it does not 
determine where he will go. 


HISTORICAL BACK G RO UNI) 


The experiments of Wataon<“" and of Carr and Watson' “ are 
familiar to all. In the first series of experiments the animals 
were operated upon to eliminate, in sueee.ssion, the vihris.sae, 
the hearing, the sight, and the tactual .sen.sations through the 
feet. None of these operations disturbed the limrning pr«u*e,s.s 
to any appreciable extent. In the second series of exjieritnents, 
normal animals that had already learned the maze were intro- 
duced into it at various points along the true path. The imme- 
diate exploration required by most of the animals for orientaf i<»n 
under these circumstances, was interpret f'd by tlu* workers us 
movements necessary to provide the kinesthetic .stimulations that 
would release the automatic movements,- which had been 
acquired. Next came the sectioned maze of Carr and Watson in 
which it was possible to lengthen or short <‘n certain alleys with- 
out altering the relations of turns to alleys. The result itig pro- 
nounced disturbances in the running were attributed by the 
experimenters to interference with the previouslv (h>veIop.ul 
binesthesis. 


In a few studies the results argue against the doctrine of 
binesthesis. Hunter«-)<^> taught rats to make simple alterna- 
tions in a T-shaped discrimination box, that is, he taught them 
0 make successive choices in accordance with the fornuda IHrlr. 
0 rat, even after a prolonged practice perio<l, was able t<» fcdlovv 
the plan IMlrrllrr, that is double alteniations. Hunter then 
am^his temporal maze” (i.e., the T-box mollified .so 

the animals immediately^o^orient them for tlu> fnilorc nf 

iadtoseeksome^cnrwte^^^^^^^^^^ .*'> !'»(«, tmt timt. tle-'v 

eral spatial relationships of the total 
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that tile animal is fed only after a whole series of successive 
choic<'s, instead of after eaeh choice) in order to determine 
whether the animals practiced on a conventional, spatial m<\ze. 
where the order of turns was !lrrfln% and so on, could carry the 
plan over to successive nnis on this temporal maze. No rat was 
able to make this transfer. With still another ji:roup, the prob- 
lem was to learn simple alternation in the temporal maze. Only 
one animal learn<‘d the lesson. Kinesthesis for this animal was 
then varied by placinfr baflles throuj^h th<‘ alleys; the animal was 
disturbed by this device for one run, but thereafter ran nor- 
mally. ilunter remarks, ** A driven kinesthetic complex may mean 
either of several n‘sp(mst*s but it cannot mean now one and now 

another without the additi(»n of soim* selective element ’’ 

IlijrjrinsorP‘'“ forct'd th<‘ rats to run into a cul and out apiin 
before ruhninjr the r(*st of the maze. This was done, by closinji: 
the entrane<‘ to the maze, located be.side the entrance to the cul, 
while the rats W(‘re t‘ntcrin|ir the eul, and openinpr it when they 
returned. Later, wlien the door to the maze was left open from 
the ht*^innln^ of the* run, the rats (*nlen*d the maze without first 
trav(‘rsiuji: the eul. Hifi^IJriuson is correct in sayin|>: that this 
behavior “is wholly inexplicable in the usual catcj^orics of 
*kincsfheti<‘ patt<*rus’ and MVccpiency and rcccncy* of perform- 
ance/’ and it is in fa<‘t the expected Ixdiavior when a rat is 
confront(»{l with an <loor that had not lanm a part of the 
familiar situation. 

A few frairmeiifary hits may be f^leaned from the data of 
experiments not coruaTued f>rimarily with the problem at hand. 
In one (»f Imshhy’s studi<*.s on cerebral funetion in huirnirifif^”* is 
the account of the behavior of one of his animals which, owln^i^ 
to the fortuit<ms results of an operation, displayed the forced 
movtuneuts commonly as.sociafcd with labyrinthine lesions, in 
that it was unable t(» turn to the left. When retested on the dis- 
crimination box followini^^ th<* op<*ration, the animal compensated 
by rotating’ 270 (h*grees t<» tin* right whenev(T the task demanded 
a turn of 00 <legn‘es to th<» left. In another study Lashley and 
Mc< •arthy***^ invesfigat<*<l tlie survival of the maze habit after 
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cerebellar injuries. Many of the aniiuals sho\v<‘<l perfect reten- 
tion records in spite of the fact that, owinjr to (he operation, 
their methods of locomotion were much interfered with. Thus 
one of them “walked as if drawiii}; a heavy weijrht, with fore 
and hind legs extended forward and dragging her ahmg in a 
series of lunges,” yet still showed a perfect .series <tf ehoiee.s. 


STATEMENT OF THE I'HOHLHM 


In the experiment of Watson and t’arr, tin* impliention is 
evident that the only variable introduced was the change in the 
proprioceptive pattern. One could maintaiji, however, with 
some justification, that, so far as the total prohleiu was e<in- 
cerned, it wa.s an entirely new otn*; the inazt* was no long»*r tin* 
same maze. The same criticism Imlds for the Higginson (‘xperi 
ment. Before conclusions regarding kincsthesis can he drawn, 
an experimental device shouhl la* empl<tye<l, in which the tjt nt riil 
geography as well as other gross .sen.sory features are kept «*on’ 
stant, and in which kincsthesis oniy is changed. The attempt t<» 
do this led to the present study. 

In the following experinu-nts the rats were taught to run 
through amaze in .something like (he ordinary fashion and then, 
at various points in the learning proccs.s. vver<* nspured to swim 
through the same maze; or, reversing the situation, animals that 
had learned to swim the maze w'ere later rt'ijuired to run through 
it. The assumption is made, that tin* kines(h<*tic stimuli reet'ived 
in swimming from here to there, are materially difTerent from 
those received in running the same distatice. Tin* number t.f 
locomotive movements of the extremiti<*s mmired in tlu- one 


ease was approximately six times the number re(,uir<*<i in the 
other. The body of a .swimming rat Ls extemhsl, while that of 
the walking animal is, so to speak, gathered together; the mus 
eles called upon to counteract the effects of gravity face new 
tasks. If kine.sthesis, in any precise sense of the word, is t In- 
essential factor in maze learning, there shouhl he no transfer 
trom one of these situations to the other. 
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THE MAZE 

The plan of the maze (see fig. 1) is in a sense a series of con- 
densed T-mazes, each choice point presenting the true path and a 
cul. For convenience the animals were led back to a point near 
the starting box. The maze was constructed of redwood boards 
1 inch by 12 inches, covered with No. 22 sheet tin so as to offer 
an unscalable surface. The tin also reflected an image of the 
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Fig. 1. 

animals, so that they could be observed while themselves undis- 
turbed by sight of the observer. Each cul and each unit of the 
true path measured fifteen inches in length. 

Considerable care had to be used in the choice of width of 
alleys. The four-inch alleys first used had to be changed to six- 
inch alleys since the animals learned to ‘‘straddle,’’ that is, to 
support themselves by thrusting the rear legs against the sides, 
and thus interrupted the smooth and continuous locomotion 
which it was desired to establish. But in the six-inch alleys the 
animals became stereotropic and followed the shore line, so that 
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the alley into which they turned was determined not so much 
by legitimate choice, as by the g'eography of the maze. Five- 
inch paths proved satisfactory. 

The water tank into which the maze was placed was con- 
structed of boards, covered with canvas, and painted to make it 
water-tight; dimensions 8 feet by 6 feet by 1 foot. When the 
rats were required to swim through the maze, the tank was fille<l 
to a level of eight inches. When walking was required, a false 
floor was placed in the maze alleys seven inches above the bottom 
of the tank. With the water at the same depth of e^^^ht imd»‘.s, 
the false floor was covered with an inch of water. The vi.sual 
and dimensional factors of the maze were, con.sequently, the .same 
in the two situations. 

At the point in alley 9 marked x in figure 1, a door was 
placed to prevent the animal’s retracing of the first part of th«* 
maze after having passed the door.» This was essential since, 
otherwise, during the early runs the rats encountertul so much 
difficulty in finding the food box, that they suffered from fatigue 
and from over-exposure to the cool water. 

The reliability coefficients for the maze are given Iwdow. I'wo 
methods of calculating the coefficients were used: first, eorr<>lu- 
tion of the odd-numbered runs against the even-uumb«Ted ones, 
and, second, correlation of the sum of the runs on the first half 
of the curve against the sum of the runs on the la.st half. In 
both cases the data for the first trial were not incliuled. For 
groups I and II the figures from the first twelve runs wen* u.s 4 *<l ; 
with groups V and VI, the curve was cut off at trial 17, since 
beyond this point a large number of zero scores occurred.* 


BeLIABILITT CoEFrrClENTS 

Odd vs. even IFulf vs.lmlf 

:: 470 (swimming) «()4 

“ 445 (running) 

^ 727 (swimming) ■. 

dinShedKCare relmbility of a is in m. way 

A 4 . j! ^sed in this way after every choice ])oint. 

groups the^conditiMi?f?f^?^ could not ho used for th(»HO 

groups tne conditions of traversing the ma^e were altered aftc^r only four 
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THE EXPERIMENTAL ANIMALS 

The animals used were albino rats. Males and females were 
taken indiscriminately except that they were about equally rep- 
resented in each group. All rats were between sixty and sixty- 
five days of age at the beginning of each experiment. Each of 
the six groups consisted of approximately twenty animals. This 
number was sometimes reduced to nineteen and in one case to 
eighteen when one or more of them proved too weak to withstand 
the rigors of the first few runs. 


TECHNIQUE 

In each of the experiments the animals were given but one 
trial a day for the first two days of the training series. Longer 
exposure would have been inadvisable for those animals that 
began their training by swimming the maze. Thereafter all 
were given three trials per day, spaced by the time taken to run 
each of their eighteen or nineteen fellows. 

During the first five trials, that is, the trials on the first, 
second, and third days, the temperature of the water was kept 
at approximately 74° F. Thereafter it was maintained at 
about 65° F. 

For the animals that began their training by running the 
maze, arrangements were made as follows. In order that they 
might have some experience in deep water, no false floor was 
placed in alleys 1, 2, 3, and 4. In alley 5 an incline was so placed 
that, by the time the rat reached point Y (fig. 1) , he was wading 
in but one inch of water and so continued to the food box. 

The same arrangement was used for those animals that were 
required to run the maze after a practice period of swimming; 
since the animal was thus given an opportunity to get into its 
kinesthetic stride, interference would, presumably, be more pro- 
nounced when the change was introduced. 
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The animals were permitted to eat for a few seconds after 
reaching’ the dry landing box. In order to insure an approxi- 
mately constant hunger drive, all animals were permitted to eat 
exactly twelve minutes a day aside from a few nibbles enjoyed 
at the end of each run. The water, particularly for tht* .swim- 
ming animals, never ceased to be a source of persistent drive, 
although after the first few baths it caust'd no noticeable emo- 
tional disturbance. 

Scoring points were arbitrarily determined as follows: the 
animal was considered to have entered either a cul or a s<‘ction 
of the true path, if his progress took him into either to the extent 
of one body length exclusive of the tail. Only entranei's into 
culs made while moving toward the goal were scored as errors; 
retraeings were not so scored. 


EXPERIMENTAL PROCEDURK AND DATA 
Groups I and I t 

In accordance with the plan to test the amount of transfer 
from one kinesthetic situation to anotluT at vari<ius points in the 
learning process, groups I and II were changed from swimming 
to running and from running to swimming, resp<‘ctively, just at 
that point where the learning curve begun to flatten out. 

GEOTTP I— 

Group I (nineteen animals) wa.s given twelve trials in swim- 
ming through the maze. Then the floors were put in pla<-e ami 
two test trials were given. The last trial of the training .series, 
tnal 12, was given on the same day as the two te.st trials, in order 
that the swimming “set” might be at maximum. 
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OoMrARisoisr OP Errors on* Trials 12 and 13* 
(Soo Chart 1) 


Mean errors on trial swimming 1.2C a .85 

Mean errors on trial 13, running. 1.84 tr 1.22 

Difference -.58 <r 1.23 

Diff. A cliff........ -.48 

Odds favoring a real differencet... 68 to 32 


Comparison op Timks op Trials 12 and 13 
(Bt'o Gliart 2) 

Kc'un time on trial 12, swimming. 26.42 a 7.64 

Moan time on trial 13, running........ 76.57 cr 32.52 

Difference -'50.15 c 30.32 

Diff. /cr diff. . 1.65 

Odds favoring a difference. 05 to 5 

• Thc'so figures siiow tliat th<‘ slight rise in. the number of errors 
ill trial over tlu^ number in trial 12, is of relatively little sig- 
nificanee. K(‘f(*r<»ne(* to the c^rror curve will show that such dif- 
i:ereiu*,(^ as there is disappears on the fourteenth trial. 

Witli n'gard to tlu^ time scores, however, a fairly reliable 
increase is ohtain(»d.^ A reason for this rise suggests itself, and 
obtains in all eases in whieh the animals were practiced on swim- 
ining and test(*d on running. When the animal begins the test 

* The formulae^ uhcmI in the c.omputationH arc »h followH: 


1 

<r distributhm ^ ^ . . 

— nuuin* 

^ n 


j. 

- MkM; 


n 


<rx <ry 

irdiJT, >=■ -v/fT*. + <r*y - 2r<r,<ry 

8co Kelley, T, L., HtatiMUnil Method^ 182. 

tThi« "c>d(i« fikverinic ti rwl diffwmicw’* witiiriplyft tniuKliition of the oritical ratio (diff. A diff.) 
i nt.<) teriitK of iKittinic (kMh. TittM, on a itaMiK of tho HupiKmititiouH norxtial frecjtuency surface, if 
tlio name oxitoritneut witli thn Name nutnher of animalH had bentn repeated 100 times, a difference 
lar^e as. or laraor than, the one obtained and of the same sian would, ao(K)rdiniC to pure ohance, 
liskve t)c<5urrtid only 32 times out of tho 100. 'Che odds in favor of the found difforonoo indicating a 
real difference of the given sign are, therefore, but QH to 32. 

A comi»Hri«<>ri of the actual hihhmIh of Hwimming and running through- 
out learning an nhown on chart 13 indicatt^H that tho animal can Hwim tho 
miize vory nearly hh rapidly uh he can run it. 
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run and finds himself, at the end of alley 5, with a floor to stand 
on, he stands on it. This gives him an opportunity to inspect 
the features of the new situation, an opportunity of which all the 
animals availed themselves. They halted, sniffed, stood upright, 
tested the strength of the wire mesh above them and then — ^trav- 
eled down the correct alley. The entire run, for the most part, 
was made in this hesitant manner. This emphasizes the fact that, 
although a pronounced interference was produced as reflected in 
the change in time scores, it did not show itself to any appre- 
ciable extent in the number of errors made. 


GROUP II— 

With group II (19 animals) the situation that obtained in 
the case of group I was reversed. The rats were given twelve 
running trials ; then the floors were removed and two test trials 
given. 

OOMFAitlSON OF ERRORS OUT TrIAIjS 12 AN3> 13 


(See Chart 3) 


Mean errors on trial 12, running 1.15 <r 

Mean errors on trial 13, swimming. 1.42 <r 

Difference 27 a 

Diff. /c diff 23 

Odds favoring a real difference 59 to 41 


.86 

1.04 

1.18 


Comparison of Times of Trials 12 and 13 
(See Chart 4) 


Mean time on trial 12, running. 21.47 <r 

Mean time on trial 13, swimming. 23.31 -<r 

Difference 1.84 <r 

Diff. /<r diff 15 

Odds favoring a real difference 56 to 44 


12.16 

6.28 

11.97 


No significant difference is here found in either time or 
errors between trials 12 and 13. The animals, upon reaching 
the end of alley 5, found no floor to run upon, and had nothing 
else to do but carry on; consequently the times as well as the 
errors, failed to show a significant increase. 
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Groups III and IV 

It is probable that animals, in learning' a maze, come first 
to condition their behavior to cues which, later, are discarded 
in favor of more potent ones. ’ Although it seems unlikely that 
the stimuli used early in the process are kinesthetic, inasmuch 
as learning takes place to some extent before the locomotive 
patterns have become at all fixed, nevertheless, the following data 
permit a more definite answer to the question. 

In groups III and IV the change from swimming to running 
and vice versa was introduced at a point about halfway down 
the steep part of the learning curve, between trials 4 and 5. If 
it can be shown, then, that the curves continue to drop in a 
manner comparable with that of a normal or control curve, it will 
appear probable that no integrations formed during the first four 
trials are wasted with reference to the new task. 

dEOUP ni— 

The twenty animals used in group III swam through the 
maze during trials 1, 2, 3, 4; from trials 5 to 12 inclusive, they 
ran. The animals of group V which swam the maze during the 
first twelve trials were used as a control group. If mere visual 
inspection of the error curves (see charts 5 and 9) for the two 
groups should not be deemed sufficient for purposes of compari- 
son, reference can be made to the differences between various 
points and combinations of points along the two curves which are 
given in table 1. 

From the above data and from inspection of the error curves, 
it is evident that the performance of group III may, to all intents 
and purposes, be adequately represented by the data and curve 
from the performance of group V. 

GEOUP IV— 

The conditions imposed upon group III were reversed with 
group IV: the nineteen animals in this group ran for the first 
four trials and swam for the remaining eight. In spite of the 
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chatig'o in the mode of traversinjr tlie maze, the error curve is 
as smooth as could he expected (see chart 7) under normal 
eonclitions. 

TAHLK 1 

Com PAK ISON Bktvykkn (Utotre Til and ('’ontrol Group V. Comparison op 

TUB DIPPBKBNCKS lii-TTWBKN VARIOUS POIN^PS ON 
TICK Two KrROR GurVKwS 


Group 

CompiirtKl 

ivoiutu 

Dtfftwonco 

Diff.Adiff. 

1 Odds favoring 
diff. 

III 

3 ami 4 

2.45 <r 5.(15 

.43 

07 to 33 

V 

3 and 4 

2.l(i<r 4.85 

.45 

67 to 33 

III 

4 and .*>* 

.SO <r U). 11 

.08 

53 to 47 

V 

4 and 3 

1.22 er 2.71 

.45 

67 to 33 

in 

f) ami i\ 

.75 ff 2.37 

.112 

63 to 37 

V 

5 and 0 

.5(1 <r l.tU 

.29 

61 to 39 

HI 

.’M 4 and 3 fO 

4.95 8.43 

.58 

72 to 28 

V 

Ihf4 and a f 0 

5.0 <r (1.22 

.85 

79 to 21 

in i 

3 and 0 

4.15<r 5.79 

.72 

76 to 24 

V 

3 ami a 

3 94 <r 5.30 

.74 

77 to 23 

HI 

2 ami 7 

11 1() <f (Vi.') 

1.78 

97 to 3 

V 

2 and 7 

i).7:i a r, z'> 

l.HO 

97 to 3 


*I It*r« th« chuntco from rtwimmirnE to runiiinK wrurnHl. 


As will h<* .stMUl later, wluui jirnmp VI is discussed, tlu* animals 
ill that frroup ran the maze throu^diout the trials during which 
t liose in ^roup IV first ran and then swam, (iroup VI may, 
t.luni, he iismi as a etmtrol for *^ruup IV. 

Tahh* 2 presents tin* snrnt* sort of eomf)arison ludween. |>rroups 
I V an<l VI that fable 1 presents h(*tvve(*n /jrroups 111 and V. 

Th<» similarity between th<» perrormanc(‘S of j>:roup IV and 
VI, thouj^h not so strikinji: as that betw<‘en the iierform- 
^iiie(*s of groups 111 ami V', still sUKJJrests that the record obtained 
For fi^roup IV wouhl md have ilitTered si^cnificantly had the 
<‘hanj^<‘ not hern inipose<l. 
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Chart 8 
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TABLE 2 

CoMPAitisoiT Between* Group IV and Control Group VI. CtOMParison* op 
Difperen'ces Between Various Points on 
THE Two Error Curves 


Group 

Compared 

points 

Differences 

Diff ./<r diff . 

Odds favoring 
diff. 

IV 

3 and 4 

1.38 <r 3.35 

.41 

66 to 33 

VI 

3 and 4 

2.0 <r2.37 

.84 

80 to 20 

IV 

4 and 5* 

1.00 <r 1.70 

.59 

72to^ 

VI 

4 and 5 

.65 <r 1.72 

.38 

65 to 35 

IV 

5 and 6 

.53 <r 1.46 

.36 

64 to 36 

VI 

5 and 6 

.85 <r 1.04 

.82 

79 to 21 

IV 

3-1-4 and 5-1-6 

4.21 <r 4.50 

.93 

82 to 18 

VI 

3-f 4 and 5-f-6 

4.15 <r 3.24 

1.28 

90 to 10 

IV 

3 and 6 

2.90 <r 2.99 

.97 

83 to 17 

VI 

3 and 6 

3.55 <r 2.32 

1.53 

94 to 6 

IV 

2 and 7 

6.21 <r 3.79 

1.64 

95 to 5 

VI 

2 and 7 

7.0 <r 3,02 

2.31 

99 to 1 


*Where the change from running to swimming occurred. 


Groups Y and VI 

It seems certain from the results presented thus far that 
during* the early stages of learning the rat depends primarily on 
exteroceptive sense data. Does he continue to respond to these 
same exteroceptive cues when the performance has become rela- 
tively automatic or does he shift to kinesthetic cues f And if a 
change is now made from swimming to running or vice versa, 
will there be more of an upset? Is it possible that, although 
kinesthesis is not essentially involved in the early part of learn- 
ing, i.e., in determining what is done, nevertheless it is involved 
in the later part of learning, i.e., in determining how it shall be 
done? 
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The rats in groups V and VI were made to overlearii the inaxt* 
before the change was introduced. 


GROUP V— 

Group V reached on the seventeenth run what proved to be, 
in terms of errors, the plateau i)oint. Practice wavS eontinue<l 
for approximately twice this period — out to the tliirty-thirtl 
In terms of the time scores, practice was continued to about 
three times the amount required barely to learn the 

The eighteen animals used in this group swam during the 
first thirty-three trials and ran four test trials. 


OOMPARISOIT OF ERRORS OP TRIALS ANfO 34 


(See Chart 0) 

Mean errors on trial 33, swimming. .12 <r .4 

Mean errors on trial 34, running... 2.05 o* 

Difference 1.85 <r 1JI4 

Diff.A diff 05 

Odds favoring a difference S3 to 17 


This increase of 1.85 errors on the first test trial may ht* vit*wt*d 
in a number of ways, particularly if the entin^ h^arniug mirve r<»r 
group V is scrutinized. The fact that, on test trials 2, 2, anti U 
the curve tails back to a level, nearly as low as the platoau U*vt*l, 
suggests that the upset produced by the change is of an tuno 
tional nature, rather than indicative of a lack of knowUulgc <if 
the maze as a whole. In the second plac<‘, tlie animals witc 
unevenly affected by the change; one of tlie animals made zero 
errors both on trials 22 and 24, five incnuistnl Ihtnr (‘rrt»rs by 
but one, while still others mad(‘ four, or (‘ven five* t*rrors on 
trial 34. 


The point to which the error curve falls on the seeond, third, 
and fourth test trials is approximately that attained on the 
fourteenth training trial, and it seems probable^ that this repre- 
sents the point at which all but the most refined adjust iiients 
involved in the learning, have ac(|uin*d. 

The time scores on the test trials rose about an <‘<{iial amount. 


dav^iSiJn was th.« first trial tif fh»* 

o^tlTsamfday 
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Comparison' of Times of Trials 33 and 34 
auvrt 10) 

Mean time on trial 33, awimming* 

Mean time on trial 34, running 

Difference 

Diff. /<r diff 

Odds faroring a difference 

OEOUP VI— 

The conditions which obtained in the ease of group V were 
reversed with group VI. Tlie twenty aninuils in the group ran 
the maze for thirty-three trials and swam for four test trials. An 
inspection of the error and time curves will show that the amount 
of overlearning is practically the same as for group V. 


18.38 

<r 

7.5H 

51.72 

cr 

23.70 

33.34 

<r 

22.75 

1.4(5 



....93 to 7 




OOMIPARISON OF KrRORH ON TRIALS 33 AND 34 


(Heo (mart ll) 

Mean errors on trial 33, running.., ... .3 <r 

Mean errors on trial 34, swimming. . , . 1.05 ^ 

Difference . .. ,7r» cr 

Diff. /<r diff .. . ju 

Odds favoring a difforenco...... 7(1 to li4 


.rifi 

i.ua 

IJH 


The animals of group Vf ndlected in their (^rror ret-ord the 
effect of the change Icsh than diil those of’ jyroup V. Tin* tlts- 
turbanee, represented by an in(‘rea.He of .7.^ errors per rat, 
entirely disappeared on the thinl and fourth test trial.s, snifijesl. 
ing again, that the up.set wa.s probably an emotional om*. It. is 
of interest to note at this point that, if that part of the ermr 
curve which represents the test trials is moved over to the left, 
it fits without a break at about trial 14. If we (H»nsi<ler that the 
trials after trial 14 brinjr alstut simply increased skill and 
habituation, it is clear that no easetitial km»wled}re of the maze sw 
a whole has been lost as a result of the (diatiKe in the eimditions of 
running. From the records of the individual animals w'e find 
that, on the first test trial, nine of the twenty animals made ns 
few or fewer errors than they made on the last trial Ix'fort* the 
change. 
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The increase of the time score of trial M over trial 33 is prac- 
tically nothing more than the increase of swininiiujr time ovtT 
running time (see Chart 13). 

Comparison of Times op Trials 33 and 34 
(See Cliart 12) 

Mean time on trial 33, running 11.85 

Mean time on trial 34, swimming 23. (U) 

Difference -11.75 

Diff. /<r diff 1.22 

Odds favoring a dilfcrenee 89 to 1 1 


SUMMARY OF THE DATA 

Group I. Swimming to Running, ('Hangmd on Tuiau 13 

In terms of errors the animals of (I roup I woro but slijLrhtly 
disturbed by the change to running; th(‘re was an average 
increase of half an error per rat, and this difTerenet* had but 
slight statistical reliability. The tinu» scores for tliis group nisr 
markedly, from an average of 26 seconds to one of 76 seecuuls, 
per run. . 

Group II. Running to Swimming. (hiANGKo on Tigau 13 

The animals in group 11 were less disturbed than those in 
group I. An unreliable increase of .27 cuTors pc^r rat was 
obtained. Some account must be taken with this group, as witli 
all the groups where the change was from running to swimming, 
of the increased drive iurnished by the (le(*p water. While it 
cannot be said with certainty that this pr(‘ssure \)vr se kt*pt thf 
errors down, it is safe to say that it did keep the time sci>re>i 
from rising. With group IL no significant change oceurre<l in 
the time scores. 


1,45 

10.24 

1UI2 



IT 



V«. »<) 19 

siojja oStijoav 


Trials 



I 


SJ 

55 

% 


C3 

6 


o 

u 

O 


it 

J? 

n 

•M 

5 { 

!5 

y 

!? 


/ 

I 

O 

/ 

/ 

0 

t 

\ 

o 

/ 

o' 

/ 


/ 

0 

1 


- -o-' 


§^\S*S§§go o 

spirooas iii Qmtoi a^BjaAy ^ 


<0 

N 

« 

♦> 

*>> 


Trials 



1930] Macfarlane: The Bole of Kinesthesis in Maze Learning 301 



y 

Trials 


j S 7 3 /t /S // /^ J/ JS JS 

Chart 13 


Groups III and IV, Changed on Trial 5 

The performance of groups III and IV, with which the 
change was introduced during the rapid drop of the learning 
curve, was practically indistinguishable from the performance 
of control groups, except that the time score for the group that 
shifted from swimming to running increased slightly. 
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Group V. Swimming to Runnino. Ghangkd on Thiau 

The rats in the fifth p:roup, which had boon to a ooiistdorahlo 
extent overtrained, showed on the first tost trial a snialh hut 
reliable disturbance. The anmials made, oti the avorn^s two 
errors on this test trial, an ineroaso of l.Sf) errors per rar. 
This increase dropped on the followdn^ trial to M errors per rat. 
It is to be noted that most of the errors recorded for this trial 
were made by one animal. The time scores for these ariimaU 
rose on the first trial from 1S.3H scn^onds to 51.72 sec<'kntls aiul 
then rapidly dropped aprain. 


Group VI, Running to Swimminwj. (hiANoia) ox Tkial ’ll 

The performance of ^roup VI was similar to that <if ^roup 
V except that the increase in the ernir seort^s at tlu* time of the 
change was less marked. An inenms(' of three-fourths <»f an 
error per rat was obtained on trial 34 over trial 33? on trial 35 
the errors had decreased again, and on trials 3() and 37 tht» curve 
had dropped as low as the plateau It^vel of tlie overleurniiig 
period. The increase in time sconss was almost m*gligilile. 


CONCLUSIONS 

If it were true, in accordance with the tradition tif Watsim 
and Carr, that animals are puslusl through the maze by n sue- 
cession of precise kinesthetic stimuli, the complientions eiusum- 
tered in the present experiments wouhl have rendered th<* leann 
ing acquired during the earlier trials of little (»r no avail <m the 
test runs. Yet, barring the effect of <*motional disturbnnet*. the 
altering of the proprioceptive cues had little eff<‘ct on the errnr 
scores of the animals. The fact that the* time scores rose sigiiiti* 
cantly with the animals that were cluinged from swimming to 
running, only emphasizes this outcome. 
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It may be objected that, in the present experiments, one 
source of kinesthetic stimulation remained constant and unaf- 
fected by the chan^nvs from swimming to running and vice versa. 
May it not be that the animals, in learning the maze, learn, not 
to condition their behavior on the entire complex of muscular 
sensations, but to respond simply to a succession of head move- 
ments f The orp^anic stimuli from such movements would, it is 
true, be g’enerally the smne whether the rat were swimming* or 
running. And such movements can be observed, particularly 
while the animals are swimming: they do not travel straight 
down the middle of an alley but anticipate the comers by a 
diagonal approach. Such anticipatory movements, made before 
the choice point is reached, could not, however, furnish infor- 
mation regarding which of the two alternatives was the true 
path. But supiiose they coxild. Hunter, using his temporal 
maze, was unable to show that the rats could learn a pattern of 
turns o.s’ such, divorced from concomitant spatial characteris- 
tics, even when th(‘ pattern was as simple as that indicated by 
tlie formula rr//rr//. The criticism made above implies that the 
i‘ats can learn a secjuence of turns represented, in the case of 
our maze, by th(» formula rlrrlrhil — which is improbable. This 
in turn sugg(»sts that the spatial characteristics of a maze 
may, after all, be the crucial ones. Concerning the channels 
through which the; rat ])erceives these characteristics, we can at 
present only speculat(‘, but this exciting field should be further 
investigated. 

The results of these (experiments suggest that a distinction 
should be mad(* Ixdween those elements of learning acquired by 
the animal whereby he is able to make proper adjustments to 
the maz(‘ as a thing to be got through — as a complete situation 
envisaged as a whole, and those other elements which tell him 
in just what manner the perceived end is to be accomplished. It 
is one thing to discover or, speaking more psychologically, to 
learn that an objective we seek is on the opposite side of a 
river, and (|uit;e another to acquire the skill to swim to it. The 
architect who knows how a house should be built, would prob- 
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ably split his thumb nail if he invaded the province of the car- 
penter. Similarly, it would seem to be with the rat in the maze. 
Our animals were in no doubt as to the location of their dinner, 
although they were prevented from using their customary tneaiis 
of getting it. This analogy may be thrown out in view of the 
rapid recovery of adjustment after the enforced change of re- 
sponse, and the ^‘skills” involved in niiize running may con- 
sidered as quite apart from other precise neuronuiscular ahilitie.s, 
such as those employed in playing the piano or sawing a imarti. 
On the other hand, these skills” may be thought of as having 
been acquired or possessed by the animal previous to the e.x:peri- 
ment, possibly as a part of his original equipment, and utilized 
later as the occasion demanded. 

These facts, however, we have : first, that the chang<‘H in kines- 
thesis brought about by the conditions of these expcTimtuits had 
but slight effect on the ability of the animals to trav(*rse tin* maze 
without entrances into culs-de-sac, and, second that such tlis- 
turbances as there were, rapidly disappeared. W<‘ tnay speculate 
concerning the part played by kincstlussis in (hdermining how 
the food box shall be reached, but wc may safely deny it th»* 
power to tell the rat where he shall go to reacli it. 
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DELAYED REACTION IN RATS* 


BY 

a H. HONZIK 


INTRODUCTION 

W. S. Hunter/^^ in 1913-14, working- on delayed reaction in 
animals and children, found that rats could not delay success- 
fully unless they oriented their bodies toward the spot from 
which they received the stimulus and kept this gross bodily 
orientation throughout the delay. In his set-up for the rats 
Hunter used a three-door choice box with an electric light globe 
behind each door. The correct choice was always the door where 
the light was burning, and in the delayed reaction trials the 
light was turned off from one to ten seconds before the rat’s 
release. In Hunter’s own words: 

The rat, when put into the release box during the delayed reactions, 
oriented immediately to the light with its entire body and began a series of 
attacks on that side of the box in an effort to get out. This attempt was 
kept up until the animal was released, whereupon it went to- the box (that 
is, the door) straight in front. Experiment served only to lengthen the 
period during which they would attack any one side of the release box. 
These statements hold true for all rats. 

Maier,^^^ in 1929, used a set-up that consisted of three* ring- 
stands, from the top of which elevated paths led to a table and 
food, but only one ringstand (aiid its path) led tO' food; the 
other two did not. The rat was first placed at the bottom of the 
correct ring stand and allowed to run up it and over the path to 

* The expenses of this investigation were borne in part by a grant to 
Professor E. C. Tolman from the Research Board of the University of 
Oalifornia. The writer wishes to acknowledge his indebtedness to Professor 
Tolman and Professor Warner Brown for a number of suggestions. 
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food three times in succession. The rat was then, delayed on tho 
table or in another room for varying): ptudods (d* tiint% Tetun I 
minute to 24 hours, and finally allowed to desetnul fnnn tlu‘ 
table by a fourth ringstand and to attempt to eluxvse, while on 
the floor, that ringstand and path over whieh In* had run pre- 
viously, this being the correct route to food. iMaier's results 
showed that the rats could often delay sueeess fully aycr [(mg' 
periods of time. Maier stresses the point tliat the* associative 
values of a stimulus, that is, the distinetivtuiess and fainiliarit y 
of the environment in which the stimulus is set, constitute an 
important factor for such delayed responst's. lie thinks tliat 
Hunter’s rats could not delay successfully (without gross luulily 
orientation) because the three doors from whieh they were to 
choose the correct one were not, as such, sunicicmtly ditfeu’ent iatecl 
from one another. 

It occurred to the present writer that, pmdiaps rats ctiuhl 
delay successfully even in a choice box similar to Hunter's, if, 
before the delay, 'they were allowisl to run up to tlu* stimulus. 
The emphasis was thus ])ut upon this preliminary ntnnituj 
toward the stimulus. And this, it se(*nu‘d, would have tw(» advan - 
tages*. (1) it could be made certain, that tin* rat hud aetually 
received the stimulus, and (2) this running towanl the stimulus 
would probably also reinforce the stimulus and hene(‘ enharu*e 
the animal’s ability, after the deday, to nmet cornet ly t<» the 
place where it had been. Preliminary to the delayed reaeti(»n 
trials, it was of course necessary to train tin* rats to react e(»r« 
rectly and unhesitatingly to some (hdinitt* stimulus. For this 
stimulus a white cloth curtain was used in conjunction with two 
black curtains. The preliminary training was thus one t»f simple 
discrimination. The rats were nxpiinal to learn to ehoosi» the 
door that held the white curtain. The positiem of this vvhite-^ 
curtained door was varied irregularly among the tlirei^ jiossi^ 
bilities on successive trials. 
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APPARATUS AND METHODS 

The apparatus is shown diagrammatically in figure 1. The 
discrimination box was made of redwood with dimensions as 
shown. To make the three doors visible to the reader, two sides 
of the box have been omitted in the figure. The curtains were 
fitted on the outside of the box and hung* half an inch below the 
lower edges of the doors so that the path leading from the door 
to the food box could be seen only by pushing aside the curtain. 


Tood JBox 



Two of the curtains were black, the third white, and the white 
curtain was shifted haphazardly from door to door on successive 
runs. A starting box fitted with a sliding door, and set on the 
platform indicated in the figure, was used to release the rats 
into the discrimination box. Just in front of the doors five nar- 
row strips of tin were tacked to the floor of the box ; these were 
connected to one pole of a small transformer. On the very edges 
of the doors, short lengths of copper wire were fastened, and 
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these were connected to the other pole of the transfonner. By 
throwing* in the proper switches, the two wrotig doors, that is, 
the two with black curtains, could be electrified, so that a rat 
with hind feet on the tin strips, seeking to ])oke his nose under a 
black curtain would invariably receive a slight shock. It was 
found that the electric current had to be stepped down consid- 
erably below the human threshold, rats being apparently much 
more sensitive to electric shocks than humans. This punislnnent 
for wrong responses tended to speed up the pndiminary dis- 
crimination learning. 

The rats . — The rats used in the experiment were all male 
albinos, ranging in age from three to six months. During tlu* 
training they were fed one to two grams of StceidMKdc mash after 
each run, and at the end of the day’s running a. .slightly largtu- 
amount was given. This was sufficient to kee{) tlu* rats hungry 
and eager for food during the entire day’s running and through- 
out the training period. 

Preliminary training . — In order to aecusttun tlu^ rats to the 
box, elevated path, and curtains, preliminary training was giv(ui 
as follows: first day, six runs to food on, th(‘ el(‘vaf(‘d path alone ; 
second day, six runs through the disc.rituination 1 h>x and ov(*r the 
elevated path, no curtains being used ; third day, sanu^ as s(*c(uid ; 
fourth and fifth days, nine runs each day with the curtaii»s 
raised at first two inches above the lower edges of th<* do<»rs an<l 
lowered gradually on successive runs until tlwy hung b(d<iw th^* 
edges of the doors. 

RESULTS OP DISCRIMINATION TUAINlNtJ 

Beginning with the sixth day, discrimination })rop(T was 
begun. The correct door, that is, the door which had the path 
leading to food, always held the white curtain. Pimi.shrmmt of 
errors took the form of the electric shock as earli(‘r di‘scrilHsL 
The number of runs each day varied from nine to thirtcmi 
A correct run was one in which the rat did not try to gH out 
through a black-curtained door; the slightest nuwement (d‘ a 
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black curtaiti by the nit was coiisulerod axi error even though the 
r-a.t did not push the curtain far enoujrh to see that no path was 
a.t. that door. The white curtain was never at the same door two 
i*xins in sueec^ssion. 

Two f>:roups of rats, one containing eleven rats, the other 
eig^ht, were jj^iven TJ and 9 days of such discrimination training, 
r'espectively. Tabh^ 1 jrives the tif?ures for the. total runs and for 
tlae correct runs. 

TABLE 1 

ItKsur/rs OF Discrimin’a.tion* Training 


UutH 

Day« u( 
ruuuiiiK 

Total tvimvhor 
of niUH 

Nuiuhor of 
corrooi runw 

\V1.„ 

12 

124 

104 

\V2 

12 

124 

107 

wa, 

12 

124 

100 

W4. 

12 

124 

101 

Wo 

12 

124 

lOS 

wo. 

12 

124 

lOS 

W7. 

12 

124 

loa 

ws... 

12 

124 

102 

wo 

12 

124 

104 

WlO. 

12 

124 

105 

Wll.. 

12 

124 

10() 

wia.. 


oa 

sa 

WM. 

0 

oa 

so 

win. 

0 

oa 

01 

wio. 

0 

oa 

84 

W17. 

0 

oa 

S4 

WIK.. 

0 

oa 

78 

WIO., 

0 

oa 

80 

W‘Jl. 

0 

oa 

00 


Th(‘ rai)idity of the* rat’s learninj^ was indicated by the fact 
tliat j)ractieally all th(‘ errors were made during the first three or 
.Tour days; al‘t(‘r th(‘ fourth day only a ft^w errors were made, and 
T of tlie 19 rats ma.(i<* non<‘. Most <d' the rats learned to run 
Ht.rai^dit toward tlu* white door the instant they were released; a 
wouhl oeeasionally run toward a. V)la.ck door, pause an 
iiislant, and tlnui turn to the white door. 
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BESULTS OP DELAYED RKA(^TION 

When the discrimination of the white door was wtdl learned, 
delayed reaction runs were started. These weri‘ eoiulueted ns 
follows*. The white curtain was fastened to the trout f>t a bhvtdc ot 
wood of the same size as the curtaiti itself. To the lower ed^e 
of the block a black curtain w-as fastened so that by raisinpr 
block and its white curtain by means of a string th<‘ hlatdc eurtaiii 
could be broug-ht snugly into place, makiiig the do<»r appear likf* 
the other two black doors. The rat was allowi'd to run tenvard 
the white curtain, but the wooden hloek behiml it |)rev<‘nh*tl 
further progress. As soon as the rat had reacduul the white 
curtain, the screen (see fig. 1) was lowered, and tlu^ rat wits 
delayed for varying lengths of time during which tiau* the rat 
did not stay in any one position but invariably ran about in tin* 
box. Meanwhile the block holding the white eurtain, was raisful. 
bringing the black curtain into position so that whtm, after tin* 
delay, the screen was raised the rat wius confronttHl with three 
black doors, and his task then was to choose the door at which the 
white eurtain had been a few seconds |)n^viou.sly. 

For the first three days of the delayed n*aeti(m training siudi 
delayed runs were interspersed among the ordinary discriruiria* 
tion runs. Only about five or six runs on each of tlu'st* three 
days were delayed reaction runs. Th(^ objtud of this was to <Hs 
turb as little as possible the rats' habit of takitig the whit<» door. 
It was thought that an abrupt and coinphdt* change to the 
delayed reaction situation would tend to confu.s<‘ tin* rats and 
disrupt their habit of running invariably toward the white 
curtain. After the third day all rats luul 12 runs daily and of 
these the first, fifth, and ninth were discrimitiatuni runs; thus 
after the third day there were, each day, nim^ delayed runs and 
three discrimination runs. 

During the first four days of this delay(*d reaction training 
the electric shock was not used; it was resorted to later only 
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with tlioso ratH that were slow in learninf>r which of the three 
black doors was eorrt^et. 

As in the pn^vious diseriiuination traininfr an error con- 
sisted of movinji:, h<»wt‘V(n“ sli^ditly, a enrtain in any of the two 
wronjj: doors. 

Table 2 j»:iveH the results of the elioiees after the delays. 


TABUM 2 

!tKsiu/r.s or Dklayko ItF.Axnnos 


Untfl 

1‘otta nutiibt^r 
cif run« 

Nuriilu'r of 
ruim 

r«>r <H»nt of 
ruiiH 

— ■ ■ 





VVl , 

•ISH 

loO 

03 

W2 

IMS 

170 

75 

\V3 

U4 

38 

33 

\V4 

23S 

187 

78 

Wo 

238 

102 

81 

m 

114 

45 

30 

W7 

81 

23 

28 

WS 

81 

27 

33 

WO, 

211 

153 

72 

WIO 

211 

181 

so 

Wll 

211 

100 

00 

WI3 

88 

74 

84 

W14 

as 

7ti 

80 

W15 

as 

08 

77 

wm 

as 

70 

80 

W17 

as 

75 

85 

W18 

as 

57 

05 

vvm 

as 

70 

70 

W21 

as 

83 

04 


Sinet^ then* were thre<» <loors in tlie 1m>x to (*hoos<» from, the 
probability of ehoo.sinjjr tin* eorreet door in any om* run hj/ chance 
atone would 1 h» oni*dhird; and in a larfre nundjer of runs the 
most probable* nunib<*r (jf c»orre*(‘t runs by ehanee would 1 h^ one- 
third of the total number <jf run.s. Thus, for example, rat Wl, 
who had a. total of 23S runs, could have* 33 pt*r eemt, or 7i), of 
these eorreet by eduinm* al<»ne. Actually ht^ had 03 peT cent cor- 
rect, or almost double his ehanee* pt*re(‘nta|i:(*. H will Im H(*<m 
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from table 2 that, of the nineteen rats, only four (W.'l, W(i. \V7. 
and W8) had actual percentages elos<‘ to the pereenlafre expected 
by chance. The remaining^ fit teen rats hud actual {H'reeutag’es 
ranging from 63 to 94, that is, from double to almost treble the 
chance percentage. 

It is reasonable to a.ss\une that if a rat has at h^ast as 

many correct rnns as chance alone would give hiuu he was lad 
choosing doors haphazardly, but he was eitht*r in s<uiie stuist* able 
to remember the door that liad had a white curtain s(vint‘ time 
previously or he was being guided by scune cut‘s, t‘.g., <dfaet<>ry, 
auditory, tactual, or visual, that \v<‘rt» not iH)tice<l by tin* 
experimenter. 

To rule out possible visual or auditory cut‘s the folhuvir^g pn** 
cautions were taken: (1) the black curtaiiis wen* made not ordy 
of the same entirely opaque material but- W(‘n* shiftt*tl alauit from 
door to door so that no curtain whicli rnight hav<‘ had sonn* dis 
tinctive mark not visible to tin* ex|)erim(*nt(‘r, couhl serve as a 
guide,- (2) all curtains w^ere always closely titti‘d and hung 
below the lower edge of the doors, thus pn‘venting vision of 
the path; (3) in addition to the string hy whieh the wotalen 
block was raised, two false strings lea<ling to tin* other two- dtairs 
were used; (4) the slight scraf)ing sound made by raising the 
wooden block was imecluded as a guidt* hy fixing weights to the 
two false strings and raising these on eaeh run; (5) tin* uinw 
ments of the experimenter, which might ha.V(* acted as guides, 
were not visible to the rat. 

To rule out a possible olfactory can* several elu*eks wen* math* : 
(1) the black curtain which was fastem*d to tin* Iow(*r e<lg(* (d* tin* 
wooden block and which was always tin* corr(‘(d curtain arid 
therefore presumably more “snn*lie(i-u[)’’ than the other eur 
tains, was frequently used in the other doors; (2) tin* t\v<» ineli 
wooden path, which might xmssibly be smelled through the cur 
tain, was replaced by entindy new paths made of fresh luridH*r, 
and the old path was placed behind a wrong doc^r so- that, if the 
rats were smelling the path through the eiirtain, they would 
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tend to tala' tlu' wronjjf door loadinjr to the old path ; (3) three 
pieces of cardboard eijrlit indies sciuaro were placed on the floor 
of the box in front of the dooi-s and these were shifted aboxit 
while the rat was beinjr tlelayed in tlu> Ixix, in this way eliminat- 
ing a possible ([epemUnice on tlu' sctnit track the rat nii{>:ht have 
ixiiule wiu'ii iu' orijrinally ra,n toward the white curtain. 

Each of tlu'se du'cks for sonu' p<issible fifuidin^ cue was made 
with at h‘ast (‘ij>:ht<‘(‘n runs. No ({isturba.nc(‘s were observed in 
any case in the rats' choices of the corrt'ct door. 


LENcrril OE DBTiAY 

lh»th jrroufis of rats wc're started on. tlu'ir dt‘Iayed reaction 
mills witli (iedays <»r 7 s<M*onds» the tinu‘ re(|iiired to raise: the 
woodmi block and to fastmi the strinjr at th(‘ pniptu- place. The 
first ^roup of rats (thosi' nu.nilH*rt‘d From 1 to 11), which were 
^iven ov(*r 200 delayed runs, luui tlu' d('lay period h'liprthened 
first to la se<*ends (45 runs), fh<‘n to 30 S(‘conds (an avera^ifc' of 
40 runs), and (uially to 45 sts’onds (30 runs). With the lon^icer 
delay pi'riiuls tlu' Ixdiavior of tin* rats Is'eanu' somewhat uucit- 
tain, th(*re was a notiei'abh* lu'sitaiiey in tli(‘ ehoie<‘ of tlu' eorrect 
door, hut in jreneral tin* eorreet dioiec's with loti|j:er periods of 
d(4ay \v<‘re no l(‘ss freijumit than with the preceding short 
p('ri(Kls. A delay p«*riod of 3 minutes was tru‘d with th(‘ rats of 
th(' secorul <rronp with 4 runs [ler rat, and th(‘ numh(‘r of correct 
rcspons{‘S was sonu'what higher than would bc‘ (»xi)ect(‘d by 
<dianc(‘, but since th(‘ runs wen* so r(*w in numlH‘r tlu' nssult is 
somewhat’ <loiihtful. 

EUltTflEIt K.KSULTS OF DHI^AYBI) RKAdTION* 

To mala* tin* chanjudnjr d eiirfains duririj^- the delayed reaction 
procedure easi(‘r and more rapid, the following changes in 
apparatus were made. A (juarter-inch hoard of sunici(‘nt siz(^ to 
cov(‘r at onee all tin* thr<*<* doors was cov(‘red with tlu^ same 
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black cloth of which the curtains were nuuh*. This elotii-eovered 
board then served for the black curtains. e.\:ce[)t f(»r a smaller 
white piece of cloth which could be tacktul ovt‘r tin* l)laek cloth 
at any desired position, thus nuikinjr tlie door at tliat position the 
white door. To the lower ed^e of the hoard thret* black curtains 
were fastened, so that the raising of tin* board witli its Idack and 
white cloths brought at once all tiiree lowt‘r blaek eurtains into 
position before the doors. 

With this arrangement two more groups of rats, etmtainiiig 
respectively 6 and 9 male albino rats, wen* run, using a T-’Sci^ond 
delay period. Table 3 gives the results of the delayed renet ion 
runs for these groups. 


TABLK 3 

Results or Dklayku Uk. A.in*ioK 


Rats 

Total uuiubor 
of ruuH 

Nuinbor u( 
oitrrtH't VMu» 

IVr rd'Ut of 
rtun 

W22 

127 

103 

HI 

W23 

127 

55 

43 

W24 

127 

i)i\ 

52 

W25 

127 1 

HI 

63 

W26 ! 

127 

115 

00 

W27 

127 

114 

00 

W28 

104 

55 

53 

W29 

104 

m 

m 

W30 

07 

26 

31) 

W31 

07 

22 

33 

W32 

104 

6H 

1 

65 

W33 

104 

51 

41) 

W34 

104 

Hfl 

s;i 

W35 

104 

74 

71 

51 

W36 

67 

34 


It will be noticed that in these two groups of la rats. H rats 
have percentages of correct runs at least (wie-e as large as would 
be expected, by chance, and that there arc* two (terec'ntugf'H us 
high as 90. Pour rats (W24, W2H, W.MH, and W.'Ki) hnv.* tli.* 
foUowing percentages, 52, 53, 49, ami 51, rc'spc-etiwly. whieh 
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would indicate^ that; thewo rats were able sometimes to remember 
the position of the white eurtain, but not consistently. Three 
rats (W2;h W3(), and W.'H), as their percentages show, were 
completely unable to rimieuiber the wdiite curtain and chose the 
black doors liapluizardly. The behavior of these three rats in 
tlie box, when tlu' choice* of a door was to be made, was distinctly 
different from that of the rats whose percentage for correct runs 
was high. The lHdt(*r rats would often pause before a curtain 
or before* two curtains in succ(*ssion before finally choosing the 
correct otu*, tiu* poor rats would undiscriminatingiy poke their 
noses under tlu* iu‘arest curtain and very often return to a 
curtain that tlu*y had alrea.dy tried. 

A n^[)(‘tition of tlu* (‘xperinient made by a graduate student 
confirmed the pn*vious observation, of the writer that in the 
administering oF (*I(‘(*tric shock for wrong responses great care 
mlust be* tak(‘n, and tiiai the rats are easily ruined for further 
runtiing by too heavy and persistent shocking. It was found in 
this r(*p(‘tition of the <‘xp(*nment that most of the rats would not 
attempt any door (in the delayed reaction runs) when three 
black doors w(*re pr(‘S(‘nt(‘d, and that the rats that did try the 
doors did so otily with (*videTUies of great fear and reluctance. 
With this in mind tlu* pn‘S(mt experimenter ran a fourth group 
of ten rats uruh'r tlu* sanu* conditions existing with the second 
and t hird groups witJi, tlu* exception that during the preliminary, 
i.e., tlu* discrimination, tra.ining, 51 runs were given in which 
all thn*t‘ doors w(‘r(‘ bla.ck but no shock was used. Thus the rats 
W(U‘(* train(*d io U\ke the white; door when, it was present but also 
to* att,(*mpt;. oju* black door after another when all were black. 
■Wh(*n tlu* d(*lay<‘d reaction training was sta-rted, five of the most 
active; and l(*ast ft*a.rrul rats were selected and given 100 delayed 
r(*aetion, runs. In the last 24 of these 100 runs, as a check on a 
possible* e)irae*tory cue*, the old ‘ ‘ smelled'up ” path was placed at 
Olio, of the* wrong ele)ors and a fresh new path was used at the 
right de)e)r. The; pereientages of correct runs were as follows: 
W3, <)4; W8, 80; WIO, 78; Wll, 82; W16, 97. 
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CONCLUSION’ 

With a set-up consistinjif of a box with thm' t*urtaiiitHl thx^rs 
in wMch rats were required to choose that door which hml con- 
tained a white curtain some sc'conds previously, it was found 
that the majority of rats made at It^ast twice as many correct 
runs as would be expected by chance. Ch<H*ks to discover soim^ 
constant sensory cue that mifrht ^uide the rats Failed to disclose 
any such clue. It is therefore concludt‘d that the cludct* of the 
correct door was an instance of delaytsl react icui in tht» sense in 
which the term is commonly used. 


1 Hunter, W. S. 
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the EPEECT op PAMILIAEITY on MA7:e 
PEEPORMANOE OP ALBINO EATS 


BY 

GKORGB W. HANEY* 


PKOBLEM 

This investij^ation was carried on in the Psychological 
Laboratory of the University of California in the fall of 1929 
and in the spring of lJ)iK). Its purpose was to test further the 
question of latent learning. More specifically, it was to test the 
effect that living in a maze and running about it in a random 
fashion for a period of sev(mty-tw(> hours, during which time no 
I'eward was given, would hav(‘ upon time and error curves made 
by these same rats wluni they were later run. through the maze 
in the usual way with a food reward at the end. 


1 1 1 ST( ) H I C AL 1 NTR( )] ) I J( ;TI0N 

The concept of latcmt learning was first discussed by 
Blodgett.^’ ^ lie tried tlu» effect of running two groups of hungry 
rats through a maze without a food reward for periods- of three 
and seven days resp(‘ctively. Hungry rats comprising a third 
control group were: also run but were rewarded at the end of 
each run by b(ving allow(‘<l to eat for three minutes in the reward 
box. When, on the third and the seventh day respectively, he 
introdiic(Kl reward to the previously non-rewarded groups, he 
found that each group, on the day immediately following, 
brought its error eurv(\s to approximately the level of the error 

* Tin* a.ut.hor in now a jiK^inbor of tlio staff of the Institute for Juvenile 
Resoareh, CSiicago. 
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curve of the control group for the corresponding <lays. Illodgett 
removed his rats from the maze at the eml of (‘aeh run; hence 
there is the possible critieisxn that there may have been an 
element of reward even for tlie so-called nou-rewanl rats in 
always going through the. maze in the forward dirtHdion aiul in 
the fact of the mere removal from the maze and tht‘ returxi to the 
home cages at the end of each such forward run. 

In our investigation the procedure followed probably guar<lt‘tl 
against any such reward factor. During the preliminary wan- 
dering period the rats of the experimental and control groups 
remained in their respective mazes for appniximatcly eighteen 
hours for any one day period, and on rtunoval spt^ni at least 
three hours in the home cages before being ft‘iL 

Szymanski^-^ performed an experiment similar io lUodgtdt *s. 
He ran three rats through a maze to the hoim* cage in which food 
had been placed. For the first sixty-ome trials, during whieh 
period his rats were not hungry, there was no apprt‘eiahle reilue- 
tion in time or errors. The c<auliti<m was tluui changed so that 
the rats were hungry when run. They ran the mazt* pt»rf(*ctiy 
in one or two trials. 

As to experimental approach, the invest igntiem of Lash ley*’” 
is more nearly like our own. One of his groups was nli<Hve<l 
to wander about in a maze for twenty minute^s bef(>re making 
the first test run. During the peri(Kl of test runs this grouf* 
was rewarded at the end of each test run. Another group, whieli 
might be designated as the uncorrected error group, was luiiulled 
in the same manner as the first group save that it was not f»er’ 
mitted to correct its errors. Still a third group was run but 
the incentive was different: the rat on r<*aching the reward box 
found a screen between himself and th(‘ food. Last of all, n 
control group was run in the xisual manner, i.e., the rats gniruul 
such knowledge as they had of the maz(‘ during the test runs 
only. Its members were fed at the end of <‘nch test run. The 
wandering group did decidedly better than the control group to 
which no such preliminary wandering was permitted. T\u*v^* 
were but twenty-five rats in each of Lashh*y’.s two grottps which 
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^Ye are comparing:; with a gt'eat-er number of rats he might have 
obtained more or less significant differences between the two 
groups. 

Our results bear out Lashley’s in showing that wandering 
in a is a distinct aid to subsequent learning. 


PROCEDIJEE AND METHOD 

OroKpa . — Tlie first part of the investigation was carried on 
at the University of ( /alifornia in the fall of 1929 and the second 
part in the spring of 1930. In each part both an experimental 
and a control group was used. Hereafter the experimental and 
control groups used in the fii*st part of the investigation will 
bo rt*f(»rred to as experimental group 1 and control group 1. 
Likinvis(^ those grou[)s used in the second part of the investi- 
gation will h(^ identified as experimental group 2 and control 
group 2. In each part of the investigation the order of run- 
ning during the test period was, experimental group first, and 
tlum control group, i.e., all the rats of the experimental group 
finisluHl their day’s running before any of the control group 
rats were run. 

ApparatHs,~T\vo typ(Ns of mazes were used. For the experi- 
numtal groups a T-niaze (fig. 1) was constructed of metal strips. 
It was made \\\) of fourteen T-units, each section twelve inches 
long. At tlie choice points there were guillotine doors operated 
by ni(‘ans of strings leading through pulleys on the ceiling to 
the exi)erimentcr’s control stand. These doors were employed 
in or(l(‘r to prevent rats from retracing while running the maze. 
Midway from the choice points down both the true and the false 
pathway hung black curtains, making vision to the end of the 
runways impossibU*. 

During the intent learning period the maze was so arranged 
that rats could move about throughout the entire maze, gomg 
fr<‘(*ly from bcffuininj? to cud in either direction without bemg 
impeded by blocks. Th(^ (mtire maze wa.s covered by wire netting 
SO as to prevent the escape of the rats. 
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For the control groups a simple rectangular maxe (fig. 2) 
was constructed of metal strips, the pathways being of the same 
height and width as in the experimental maze (fig. 1). It had 



Figure 1 


no euls. Curtains were hung in this maze as in f lie (‘xiu'rimtuitnl 
maze, and it was likewise covered with wire netting in order to 
prevent the escape of the rats. 

Latent Learning Penod— The procedure for the <‘.xi>eri- 
mental groups was as follows: The rats of these groups were 
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taken from their home cag’es in the afternoon and placed in the 
experimental maze (fig. 1), where they remained for eighteen 
hours. The maze at this time was without the block shown in 
figure 1. The schedule for this group was roughly as follows : 
rats removed from home cages at 4 p.m. and placed in the experi- 
mental maze to remain there until 10 a.m. the following day. 
Three hours intervened before they were fed in their home 



^Curtain 


Figure 2 


cages, at 1 p.m. Another three-hour period intervened before 
they were again placed in the maze. During the latent learning 
period they were always fed in the home cages and never in the 
maze. This procedure was repeated with this group day by day 
for four equal periods, or until they had spent a total of seventy- 
two hours in the maze. 

For the control groups the procedure was identical except 
that they were placed in the rectangular maze (fig. 2) instead 
of the experimental one. The control gi*oup rats thus had an 
amount of handling and of experience with pathways equal to 
that of the experimental group rats. 
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Test Period . — ^Following the latent learning period, the 
experimental and control groups were run one trial per day in 
the experimental maze (fig. 1). The impeding block was placed 
eighteen inches to the left of the entrance to the reward box. 
With the exception of the operation of the doors, this was the 
only change Tviada in this maze from its condition during the 
latent learning period. The doors were operated as quietly as 
possible and from the data and observation on the rats running, 
there seems to be no evidence of disturbance as a result of their 
operation. 

Scaring . — An error was counted if any portion of the rat’s 
body penetrated beyond the curtain in a cul. Time in seconds 
was counted as the rat left the entrance box and entered the 
reward box. 

Animals . — The rats of all groups were approximately two 
and one-half months of age at the beginning of the experiment. 
All were albinos and females. Experimental group 1 and con- 
trol group 1 each contained thirteen rats. Experimental group 
2 and control group 2 each contained seventeen rats. 

Not more than three rats were kept in any single home 
cage; during the latent learning period food was allotted in 
equal amounts to each home cage. The amount of food allotted 
to rats in home cages weis calculated to keep the rats in good 
health and without loss of weight. Care had to be taken not to 
over-feed as this would have made the rats sluggish in their 
trials. During the reward period each individual rat was fed 
separately in the reward box at the end of the maze and every 
rat received the same amount. 


EESULTS 

Errors . — ^Figure 3 represents graphically the results in terms 
of errors for experimental group 1 and control group 1. The 
curve is based on the mean number of errors for the days in 
question as shown in table 1. 
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TAHIiK 1 


Mk.vn NtTMHFit or Kwioits FOR Kacui Day’s Run 


Day 

K\|a»rinu'utttl 
UruuF 1 

M«'nn 

t’tinti'ol 
<inuip 1 

Mt'un 

Day 

KxT)(‘rimt'ntal 
(Iroup 1 

Moan 

Coiiti'ol 
Group 1 

Moan 

1 

4,40 

H.4t> 

10 

.ao7 

1.13 

o 

2,01 

0.20 

n 

.150 

.73 

a 

.70 

4.80 

12 

.307 

1.53 

4 

1.40 

a.na 

la 

.00 

1,13 

n 

.70 

2.00 

14 

.150 

1.26 

0 

.84 

2.(81 

15 

.230 

1.20 

7 

.5a 

2,1 a 

10 

.()70 

1.40 

8 

.01 

2,00 

17 

.350 

.53 

0 

.40 

l.OO 

18 

.076 

.46 


S - 
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Figure 4 represents the error senres of t^xperiinentnl group 2 
and control group 2. The curve Is lms«‘d uptui tit*' tucnn error 
scores asi shown in table 2. 


TAiUdO L* 

Mka^t Xumui':r or Hrkors rm Kvott t>AV*s Hx n 



Exporimontal 
(Jroup 2 

<*4»«tral 
(froiiii 2 



Mr»u|» J 

Day 

Mt'an 


l>fty 



1 

a.on 

7. IS 

10 

.70 

t.02 

2 

a.4i 

0,H7 

U 

.HH 

L50 

a 

2.82 

4.4a 

12 

JH 

i.r.i 

4 

1.70 

4.tH) 

VA 

JH 

It:: 

5 

1.82 

2.81 

14 

.70 

t IH 

1) 

1.41 

2.a(t 

la 


1,01) 

7 

1.05 

i.aa 

l« 

,4r 

.iW 

S 

1 .tii) 

2.25 

ir 


.87 

9 

l.Oi) 

LOS 

IS 

.25 



6 ^ 



1 
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8 ^ 



Figure 5 represents graphically the results in terms of errors 
of the combined experimental groups 1 and 2 and the combined 
control groups 1 and 2. The curve is based upon the mean 

TABLE 3 

Mean Numbedr. of Errors for Eacsh Day^s Bitn- 



Experimental 

Groups 

1 and 2 
Combined 

Control 

Groups 

1 and 2 
Combined 

Bay 

Mean 

Mean 

1 

3.66 

7.77 

2 

3.06 

6.58 

3 

1.93 

4.61 

4 

1.64 

3.77 

5 

1.36 

2.45 

6 

1.16 

2.29 

7 

1.00 

2.03 

8 

1.03 

2.12 

9 

.80 

1.67 



Experimental 

Groups 

1 and 2 
Combined 

Control 

Groups 

1 and 2 
Combined 

Day 

Mean 

Mean 

10 

.56 

1.38 

11 

.56 

1.12 

12 

.50 

1.64 

13 

.36 

1.12 

14 

.46 

1.22 

15 

.43 

1.09 

16 

.30 

1.03 

17 

.30 

.70 

18 

.16 

.38 
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number of errors for the conf'iined total group for each day of 
running, as shown in table 3. 

The per cent of the experimental group making fewer errors 
than the mean of the control group was, for each of the eighteen 
days of running, as follows : 


Day 

Per cent of 
Experimental Group 
doing better 

Day 

Per cent of 
Experimental Group 
doing better 

1 

96,7 

10 

83.4 

2 

96.7 

11 

90.0 

3 

93.4 

12 

90.0 

4 

100.0 

13 

90.0 

5 

80.0 

14 

90.0 

6 

83.4 

15 

93.4 

7 

86.7 

16 

93.4 

8 

93.4 

17 

73.4 

9 

80.0 

18 

86.7 


It can be seen from this table that the. degree of overlapping 
was small. 
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Figure 6 

Figure 6 is a distribution histogram showing the distribution 
of the rats in terms of the total number of errors each made in 
learning the maze. 

Using the total error data of the combined experimental and 
control groups and calculating for the critical ratio we have : 
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Experimental 

Control 

Means 

19.36 

43.12 

Sigma of Distribution 

9.687 

11.72 

Sigma of Means . 

1.67 

2.10 

Sigma of Differenee . 

2.68 


Critical Eatio 

8.8 



The obtained error differences indicate real differences. 
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Figure 7 


Time . — ^Pigrire 7 represents the time scores for experimental 
group 1 and control group 1. Table 4 gives the data from which 
the curve was constructed. 

Figure 8 represents the time scores of experimental group 
2 and control group 2. Table 5 gives the data from which the 
curve was constructed. 
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Mban Time Stx>ur-s in* StroN‘i>s m\i I'lMm Uw Uun 



Kxp(M*iuu‘ntal 

<’ontrol 


iNpfrunt’ntul 

t %»nf j'mI 


Group 1 

(h'oup 1 


Urtmp 1 

1 

Day 

Moan 

Moan 

I>av 

Mi^hh 


1 

2()1.1) 

3*2l*.0 

10 

41.4 

os.o 

2 

138.4 

15H/J 

H 

41.1 


3 

71.5 

1:27.7 

12 

30.5 

r»M.8 

4 

117.0 

13L\4 

13 

44.3 


5 

80.1 

84.3 

U 

30.1 

4ti..2 

6 

71.1 

110.2 

15 

30.3 

4H.II 

7 

73.4 

108.2 

10 

ao.u 

51,4 

8 

51.1 

87.5 

17 

27.4 

«» ** *» 

9 

38.3 

81.1 

IH 

23.5 

2H.r 


TAHLI*: r» 

Mbant ^'imb BtmRs Hw'on*i>h mit KAt*it hAvVs ICt .v 



Kxporimontal 

(’untml 


K\prMtnt'fOal 

t *•! 


Group 2 

<}r<iup 2 



;4 

Day 

Moan 

Moan 


Moan 

Moan 

1 

257.5 

293,0 

10 

70.7 

t*H,5 

2 

201.3 

105.0 

ll 

0O.4 

h;*, 1 

3 

121.0 

127.0 

12 

51.9 

TM.3 

4 

89.2 

1 13.H 

13 

54.H 

03.2 

5 

100.2 

100.9 

14 

84.2 

71.7 

6 

04.9 

128.2 

15 

80.9 

*Ui.8 

7 

73.5 

94.5 

10 

70.3 

47,5 

8 

77.2 

70.7 

17 

54. H 

51,7 

9 

72.3 

04.8 

IH 

5il..5 

40.5 


TAIJLK « 

Mean Time Hchwik^ in HEroNiw nni KMm HavVh Uvs 



Kxporimontal 

<N»ntrMl 


I'.tprrtim'ntat 

i f.» »»J 


(JroupH 

<frtiupa 


OtMtlllA 

GrMtiMs 


1 and 2 

1 and 2 


t atnli 2 

t lattO >* 


Combined 

<N>mbined 


( ^Mnbtnolt 


Day 

M(uin 

Moan 

l*a> 

Moiitt 


1 

259.4 

307.3 

10 

.’'iH.O 

03.8 

2 

174.0 

101.7 

n 

51.0 

72/2 

3 

99.9 

127.3 

12 

40.5 

04.7 

4 

101.2 

122.8 

13 

5o.'j 

o::/j 

5 

94.1 

92.9 

14 

04.0 

59.4 

6 

07.5 

122.4 

15 

04,9 

fS* :f0 

s4 

7 

73.4 

lOl.l 

10 

50,7 

49,8 

8 

05.9 

78.8 

17 

42.9 

39,9 

9 

57.6 

72.7 

18 

38.H 

37.9 
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Pi^e 9 represents the scores in terms of time of the com- 
bined experimental groups 1 and 2 and the combined control 
groups 1 and 2. The curves are based upon the mean of the 
number of seconds which it took each group of rats to run the 
maze for the days in question. Table 6 gives the data from 
which the curve was constructed. 



I I 3 If 3 e 7 8 9 10 11 13 15 16 17 18 

Figure 8 


The per cent of the experimental group on each of the 
eighteen days of running that took less time to run the maze 
‘;han the mean time of the control group is shown as follows : 


Bay 

Per cent of 
Experimental Group 
doing better 

Bay 

Per cent of 
Experimental Group 
doing better 

1 

70.0 

10 

73.4 

2 

67.0 

11 

70.0 

3 

67.0 

12 

83.4 

4 

76.7 

13 

80.0 

5 

73.4 

14 

67.0 

6 

86.7 

15 

73.4 

7 

76.7 

16 

60.0 

8 

73.4 

17 

63.4 

9 

83.4 

18 

70.0 
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From this it may be seen that in rt'sjuvt ttv tinien thi* tlt*srree of 
overlapping was much greater than was the eatse in re.s(M»et to 
errors. 




12 3 4-^ c 7 a 10 a u n iv 15 u, 1/ 


it"* 


Figur<* a 


Using the total time (Uita of tin* eomhintMi 
and control groups and calculatiiif; for tlu* critit-al rati., wf hnvi* ; 


Means 

Sigma of Distribution 

Sigma of Means 

Sigma of Difference .... 
Critical Ratio 


1407. ta 

«Mhtl4 tejn.74 

lao.er 

l.ao 


Compared with the eritieal ratio of H.s enlenlated on err<*r 
scores this ratio of 1.3 does not seem very sigtiifleant. 
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CONCLUSIONS 

1. Under the conditions of this investig'ation, error differences 
between rats having previous general familiarity wdth the maze 
and those having none, seem to be real differences. The critical 
ratio of 8.8 is indicative of a significant difference. 

2. Under the same conditions the time score differences are 
not so significant. A critical ratio of but 1.3 was obtained. 
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THE ESTABLISHMENT BY EATS OE 
TWO CONTEAEY DISCEIMINATION HABITS 


BY 

EDWAEI) L. ROSE 


PROBLEM 

Pour rats were required to pass tlirough two successive 
two-door discrimination boxes in order to reach food- These 
two boxes were identical in size, shape, substance, and general 
appearance. In the first box the animal had to choose the white- 
curtained door (whether the white curtain was at the door on 
the left or at the door on the right), and avoid a black-curtained 
door in order to gain access to a path leading to the second box. 
In the second box the rat had to choose the black-curtained 
door (whether this was on the left or the right), and avoid a 
white-curtained door, in order to gain access to a path leading 
to food. The experiment was conducted to determine whether 
it would be possible for the rats thus to acquire successively two 
contrary discrimination habits.^ 


PROCEDURE 


ApvaraUis.—l^^Q apparatus (fig. 1, ground plan and dimen- 
sions) was constructed of unpainted redwood. It was elevated 
three feet above the ground and illuminated by daylight coming 
through large windows at one end of a white-walled room. No 
distinct shadows were formed in the boxes, and what shading 
there was, was practically identical in both boxes, since the light 


il wish to thank Professor Edward C. Tolman for his counsel and 
criticism and for editing this manuscript. I am also indebted to Mr. 0. H- 
Honzik for advice concerning the animals and the construction ot the 
apparatus. 
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came to them both from the same direction and from approxi- 
mately equal distances. In each discrimination box, the cur- 
tains, of heavy Canton flannel containing a light metal strip to 
hold them taut, reached down a half -inch below the rats’ lowest 
vision, extended an inch on either side of each exit door, and 
were suspended by a wire from about an inch above the door- 
ways. Consequently it was impossible for the rats to see under, 
around, over, or through^ the curtains. Furthermore these were 
easily detached from their wires and the wires w^ere easily turned 
on their supports to facilitate changes from one box to the other 
or in each box from one exit to the other. Four possible choice- 


TABLE 1 


Door 

combinations 

I 

II 

III 

IV 

In the last box 

Black White 

t 

White Black 

t 

White Black 

t 

Black W’’hite 

t 

In the first box 

Black White 

t 

’W'hite Black 

t 

Black White 

t 

White Black 

t 


or door-combinations could be presented to the animals (see 
table 1). (The arrows indicate the choices to be made by the 
rat). 

The runwmys were movable and could be shifted from one 
exit door to the other W'hen the curtains were shifted. The 
ends of those leading from the response chambers were an inch 
below and an inch away from the doors, thus forcing the rats 
to push the curtains way out before they could make sure 
whether or not the runway was behind a given curtain. All 
runways were of the same dimensions and appearance, and 
sloped up one inch to the level of the box they led to. The final 
runway led to individual food chambers set in one large movable 
box where each rat received his entire day’s feeding of bran 


Honzik. 


C. H. Honzik, using a similar set-up for testing delayed reaction (0- H. 
!ik, Delayed reaction in rats, Vniv. Calif, FuU, Fsyclwl., 1931, 4:30/- 

^ _ " . . » 1 -■ _ I.. +'h£X TQ.+e WPTPr "not 


318), made a variety of check tests which indicated that the rats were not 
fi a rifling ’ ^ thc clevated runway behind the correct 


in any way ‘^directly sensing^' the elevated runway 
curtain. 
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mash. A runway hafniv thr first l«ix was in onhT tn 

make tho rat's apprnaeh to that box, at least in its nn*r»* innttetii» 
ate portions, similar to his approneh to the stvtunt ho\, The 
entranees to both res[>onse ehnmhers were equipiMsl with weoihui 
drop doors but these \vt*re not usihI during' tlie prest^nt e\[»t*ri" 
meat. In an effort to tdiminnte any possible olfiielr>rv elims, the 
floors were brushed fre(iuently and the enrtnins a«*tuidly us»»d 
were interehanpred from box to box. Thus, if the four enrtnins 
used be desijrnattsl as n-white. addnek, /i while, and bbieb, the 
following): four different “sets'* or arrantrenients of these enrtnins 
were possible (table 2). 

TAltr.K U 


Curtain S<'t.M 

\ 

n 


t* 

In the last box 

b white j 
b blark 

a while I 
n btiiek 

1 

b white 

A liiark 

i a white 

1 l» bhiek 

In the first box 

i 

i 

n whitt‘ 1 
a btark 1 

t« white 1 
l» titiM'k 1 

1 

A wit lie 

U hiaek 

i 

b while 
a bhifk 


The experiimmter stiunl in front of tlie hrsf runway three 
feet from the first box ami seven feet from th»* last br»\ ilurint^' 
all runs except those when rats Wf*re punished i on runs out 
of 892). Except for the punishments the rats ree*ov**d no ’lii.nuds 
from the experimenttu-, and by the time the serie-i t»f test run 
ninjifs W’ere start(*d thev ptve no i*videiiee of hetinf frmditened 
by his pr(‘sence. 

Amma/.s*.— t^iiir untrainetl male albitm rats were used. *^aeh 
approximately S(‘veu mouths obi at thi' bej^tnninif of tlit' 
experiment. 

Method — The exp(*rimt*iit ismsisted of preliminary traininj^ 
and 28 series of test runs. All the run>*, both preliminary ami 
test, were carru^d on at appr«»xiiniitely the sarne time of day 
(10:00 A.M.—ll :.i0 A.M.) and this was the (»niy feedinir period 
for the rats. 

The preliminary trnininjjr was meant to aeeu^imi the rats to 
being h^indled and to acquaint them with the eonditmiis of the 
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experiment. For three days they were trained simply to follow 
along the final section of raised runway to food. On the fourth 
day they were given six runs through the second discrimination 
box and over the final runway to food (no curtains being used). 
Then for three days they were given runs, eight each day, 
through both boxes to food (no curtains being used). And then 
for four days the rats were run to food through both boxes with 
all exit doors covered with black curtains half the time and with 
white curtains the rest of the time. Then each day for four 
days four auxiliary runs preceded the regular test runs which 
were now also started (Wednesday, February 11, 1931). The 
auxiliary runs vrere like the test runs in having black and white 
curtain combinations in both boxes and these curtains were 
regularly changed for each run ,* but these auxiliary runs differed 
from the test runs in having the curtains clear the floor by one 
inch, in order to allow the rats to make what visual associations 
they desired between curtains and runways. 

On the first day of the test runs, five test runs were made ; on 
each of the next four days, six ; and thereafter to the end of the 
experiment, twelve test runs were made each day. Sunday, Feb- 
ruary 15; Sunday, February 22; Saturday, February 28; and 
Sunday, March 8, no runs were made. In each run the rats were 
faced with one of the four curtain combinations shown in table 1. 
On every run, in order to get through the maze without erring, 
they were forced to take the white door in the first box regardless 
of its position and the black door in the second box also regardless 
of its position. The rats were punished frequently though not 
regularly for their mistakes by being slapped sharply on the 
nose when they made a wrong choice. All through the experi- 
ment the curtains were changed from one box to the other often 
enough to break down associations that the rats might make with 
the specific curtains merely as such. After the third run of test 
series 27, i.e., on the next to the last day, the boxes were reversed 
in position, the second box being put in the first position, and 
the first box being put in the second position. This new arrange- 
ment was retained for twelve runs, i.e., throughout the remainder 
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of this (lay’s testing and for thr first thnn* runs ut tho last day, 
test series 2S. Then tlu‘ boxes \v«*rt‘ set baek in the orii?inal 
positions, and the experiment was eontinued bu* nine tuori* runs, 
These changes in the box pc^sitions were introdueed in order tit 
detect any association that the rats niiurht have made between 
local sip:ns in the distu-iminathui ehaml>ers atul the tduuees td 
the curtains. 

Scormg, — Record was kept duriim the first eijjhteen test 
series of eri'ors made on every run by t*ai*h rat in eaeh dtHerim 
ination box. For the last ten series rtuMirtl was made not i*nly 
of eaeh rat’s errors in eacdi Ih>x for every run but *if do*tr 
combinations within eaeh box ft»r **aeh nun and «»f the eurtain 
sets used. 


RKSFI/rS 


The f2:raplis (fi^. 2) slunv for the last twenty three te'.t Nenes 
the total number of acdual errors made in twelve runs by eaeh 
rat in each box, and for tin* first five test series eom[»ara!de torah 
(which conform to the tw<*Ive run basis ^ amt whieh were r-ai 
mated from real totals of errors mad<* iti the five « or si\ ^ aetunl 
runs that made u[) lundi oF thest* first Few tf‘st series. Tald*- 
shows, for tlm last ten t(‘st series for eaeh trial, eurtain eombma 
tions (I, II, HI, and IV: see ta!)le 1) and alsti tht» **<Mtrtain sets*' 
(A, B, C, or D: sec*, tabh* 2),*’* 

3 In addition to tbo ul>ov<* rosultH, th«' «*xj»eritn*-iitrr, oft^r itk*^ 

individual data aa thoy wore ohtained from iljiy to d:ty, that tie- 
ing further description of the tlin’eremM‘s of’attio’k’ «*f the uidividoa! inr-i 
is valid and portiiicnt: 

Ba-t 1 developed at first a. liahit of ehoosttig uU doiovt tm th*' li^hf 
This continued up to test series (i. Hi* then '*uddeiUv rhafiged and rhee- all 
doors on the left (test series 7). Tliis second haidt gradnnUy 
until finally, on test series 14, lie learned to elntose the Idack curtained d****** 
in the last box, and by t(*st serit's 17 had learned to ehoose the viihUe 
curtained door in the first box. Both these latter method^i, which 
to be tho only ones adi?quato in this proldem, were continued, exci^pt oiic*^ 
when the rat neglected his businesH thruugh an inexfdtenble hn'k of uUi^reit 
^est senes 18 ), and again when he sufferisl an twot tonal nteod and ab;in 
doned all system (test series 21). It. is noteworthy that tUn rat ^ a., 
as rats 3 and 4 ) retained to the last a tendency to ‘anpronch tlr^it, if not h» 
choose first, on each run, the doors on the left! It is nUu uotevvortfiy that 
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Final check , — On Friday, March 13, series 27, between runs 
number 3 and 4, the two boxes were interchanged so as to test 
for the rats’ dependence on local signs peculiar to each box. 
And on Saturday, March 14, series 28, between runs number 
3 and 4, they were changed back again. It will be observed from 
table 3 that rat 1 made an error in the box in the first position 
on rim number 4 when he chose a black-curtained door. This 
might mean that this rat noticed the change in the positions of 
the boxes and was choosing according to their local characters, 
regardless of their positions, if it were not that the error was 
exactly like many others made previously by this rat in the 
first box and could very naturally have arisen from a left-door 
tendency ; also it was the only error made in this series by rat 1. 
Furthermore, since this rat experienced no mental upset over 
the new conditions of the experiihent, as was evidenced by his 
correct and easy running of the box in the second position, it 
seems permissible not to attribute any special significance to his 
lone error. None of the other rats made significant, seeming 
errors during the crucial runs. 


the learning of the last box preceded the learning of the first box, for this 
rat, and that his running in the last box remained easier’’ for him than 
that in the first. 

Hat 2 early in the runnings showed real signs of discrimination. He first 
learned to choose the black door in the last box (test series 8) and soon 
after learned to choose the white door in the first box. He acquired no 
dominant position habits. 

Rat 3 acquired early and retained for some time a left-door-position 
habit in both boxes, "^en he was eventually punished (during test series 
10) for choosing a black door in the first box, he came to avoid all black 
doors; and then after he had returned to his left-door-position habit and 
(during the test series 15) was again punished in the first box for a black- 
door choice he finally adopted the choice of the white-curtained door in that 
box, while remaining for a while indiscriminate in the last box. Though 
this rat learned to choose correctly in the last box after he had learned^ to 
choose correctly in the first box, it was very apparent that he found running 
in the last box ‘‘easier” than in the first. 

Rat 4 developed first a strong right-door-position habit. During test 
series 10 he received his first punishment, which immediately brought about 
correct choices of the white door in the first box. This developed into a 
technique of choosing the white door in all situations, which of course was 
not totally successful. By series 13, however, he had, learned to choose 
the black door in the last box. Also at this time he built up a habit of 
approaching first all doors on the left. 
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Figure 2 
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SUMMARY AND CONCLUSIONS 

Four white rats learned to choose a white-curtained door in 
preference to a black-curtained door in the first of two successive 
discrimination boxes and a black-curtained door in preference to 
a white-curtained door in the second of these boxes. 

Interchanges between the two boxes and between the curtains 
used in the boxes caused no upset in the performance, a fact 
which eliminates any probability that the animals were depend- 
ing upon secondary cues.*^ 

4 The fa«t that in general the last box was learned more readily than the 
first box may point to a theoretically important fact or it may mean merely 
that blaek curtains, as such, are more readily chosen as positive stimuli than 
are white curtains. 
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